PART 801

SECTION D

STANDARDSFOR PROTECTION AGAINST RADIATION

GENERAL PROVISIONS

801.D.1 Purpose.

(8) This section establishes standards for protection against ionizing radiation resulting from activities
conducted pursuant to licenses or regigrationsissued by the Agency. Theseregulationsareissued pursuant
to the Missssippi Radiation Protection Law of 1976.

(b) The requirements of this section are designed to control the receipt, possession, use, transfer, and
disposa of sources of radiation by any licensee or regigtrant so the totd dose to an individud, including
dosesreaultingfromal sourcesof radiation other than background radiation, does not exceed the standards
for protection againg radiation prescribed in this section.  However, nothing in this section shal be
construed as limiting actions that may be necessary to protect hedlth and safety.

801.D.2 Scope. Except asspecificdly provided in other sections of these regulations, this section gpplies
to persons licensed or registered by the Agency to receive, possess, use, transfer, or dispose of sources
of radigtion. Thelimitsin this section do not gpply to doses due to background radiation, to exposure of
patients to radiation for the purpose of medica diagnods or thergpy, to exposure from individuds
administered radioactive materia and released in accordance with Section 801.G.26 of these regulations,
or to exposure from voluntary participation in medica research programs.

801.D.3 Dsfinitions. Asused in Section D:

“Air-purifying respirator” means arespirator withan air-purifying filter, cartridge, or canister that removes
Specific ar contaminants by passng ambient air through the air-purifying eement.

"Annud limit on intake' (ALI) means the derived limit for the amount of radioactive materid taken into the
body of an adult worker by inhaation or ingestion inayear. ALl isthe smaler vaue of intake of agiven
radionuclide in ayear by the reference man that would result in a committed effective dose equivaent of
5 rems (0.05 sievert) or acommitted dose equivaent of 50 rems (0.5 Severt) to any individua organ or
tissue. ALl vauesfor intake by ingestion and by inhdation of selected radionuclidesaregivenin Tablel,
Columns 1 and 2, of Appendix B of this section.
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“Assgned protection factor (APF)” means the expected workplace level of respiratory protection that
would be provided by a properly functioning respirator or a class of respirators to properly fitted and
trained users. Operationdly, the inhaled concentration can be estimated by dividing the ambient airborne
concentration by the APF.

“ Atmosphere-supplying respirator” means a respirator that supplies the respirator user with breething air
from a source independent of the ambient atmosphere, and includes supplied-air respirators (SARs) and
slf-contained breathing apparatus (SCBA) units.

"Class' means a classfication scheme for inhded materid according to its rate of clearance from the
pulmonary regionof the lung. Materids are classfiedasD, W, or Y, whichappliesto arange of clearance
haf-times. for Class D, Days, of lessthan 10 days, for Class W, Weeks, from 10 to 100 days, and for
ClassY, Years, of greater than 100days. For purposes of these regulations, "lung class' and "inhdation
cass' are equivaent terms.

“Condgraint (dose congraint)” means a vaue above which specified licensee actions are required.

"Declared pregnant woman" means awoman who has voluntarily informed the licensee or registrant, in
writing, of her pregnancy and the estimated date of conception. The declaration remainsin effect until the
declared pregnant woman withdraws the declaration in writing or is no longer pregnant.

“Demand respirator” means an atmosphere-supplying respirator that admits breathing air to the facepiece
only when a negetive pressure is created ingde the facepiece by inhalation.

"Derived ar concentration” (DA C) meansthe concentration of agivenradionuclideinar which, if breathed
by the reference man for aworking year of 2,000 hoursunder conditions of light work, resultsin an inteke
of one ALI. For purposes of these regulations, the condition of light work isaninhdationrate of 1.2 cubic
metersof ar per hour for 2,000 hoursinayear. DAC vauesaregivenin Tablel, Column 3, of Appendix
B of this section.

"Derived ar concentration-hour”" (DAC-hour) means the product of the concentration of radioactive
materid in air, expressed as a fraction or multiple of the derived air concentration for each radionuclide,
and the time of exposure to that radionuclide, in hours. A licensee or registrant may take 2,000 DAC-
hours to represent one AL, equivaent to a committed effective dose equivaent of 5 rems (0.05 Severt).

“Disposable respirator” means arespirator for which maintenance is not intended and that is designed to
be discarded after excessve breathing resstance, sorbent exhaustion, physica damage, or
end-of-service-life renders it unsuitable for use. Examples of this type of respirator are a disposable
half-mask respirator or a disposable escape-only sdlf-contained breathing apparatus (SCBA).

"Dosmetry processor" means an individua or an organization that processes and evaluates individua
monitoring devices in order to determine the radiation dose delivered to the monitoring devices.

D-2



“Hltering facepiece (dust mask)” means anegative pressure particulate respirator withafilter asanintegrd
part of the facepiece or with the entire facepiece composed of the filtering medium, not equipped with
elastomeric sealing surfaces and adjustable straps.

“Ht factor” means a quantitative estimate of the fit of a particular respirator to a specific individud, and
typicdly esimates the ratio of the concentrationof a substanceinambient ar to its concentration insgde the
respirator when worn.

“Fit test” meansthe use of a protocol to quditatively or quantitatively evaluate the fit of arespirator on an
individud.

“Helmet” means a rigid respiratory inlet covering that also provides head protection againg impact and
penetration.

“Hood” means arespiratory inlet covering that completely coversthe head and neck and may aso cover
portions of the shoulders and torso.

“Loose-fitting facepiece’ means arespiratory inlet covering that is designed to form a partid sed with the
face.

"Inhalation dass’ [see"Class].
"Lung dass’ [see"Class].

“Negative pressurerespirator (tight fitting)” means arespirator inwhichthe ar pressureingdethefacepiece
is negative during inhaation with respect to the ambient air pressure outside the respirator.,

"Nongtochadtic effect” means a hedth effect, the severity of which varies with the dose and for which a
threshold isbelieved to exist. Radiation-induced cataract formationis an example of anonstochadtic effect.
For purposes of these regulations, "determinigtic effect” is an equivaent term.

"Planned specid exposure” means aninfrequent exposureto radiaion, separate fromand inadditionto the
annua occupationd dose limits.

“Pogtive pressure respirator” means arespirator in whichthe pressureingdethe respiratory inlet covering
exceeds the ambient air pressure outside the respirator.

“Powered ar-purifying respirator (PAPR)” means an air-purifying respirator that uses a blower to force
the ambient ar through air-purifying eementsto the inlet covering.

“Pressure demand respirator” means a postive pressure atmosphere-supplying respirator that admits
breathing air to the facepiece when the positive pressure is reduced ingde the facepiece by inhaation.
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“Qualitative fit test (QLFT)” means a pass/fal fit test to assessthe adequacy of respirator fit thet reies on
the individual's response to the test agent.

“Quantitative fit test (QNFT)” means an assessment of the adequacy of respirator fit by numericaly
measuring the amount of leakage into the respirator.

"Quarter" means a period of time equal to one-fourth of the year observed by the licensee, goproximately
13 consecutive weeks, providing that the beginning of the first quarter inayear coincides with the sarting
date of the year and that no day is omitted or duplicated in consecutive quarters.

"Reference Man" means a hypothetical aggregation of human physicad and physologicd characteristics
determined by internationa consensus. These characteristicsmay be used by researchersand public health
workers to standardize results of experiments and to relate biological insult to a common base. A
descriptionof the Reference Manis contained in the International Commission on Radiologica Protection
report, ICRP Publication 23, "Report of the Task Group on Reference Man.”

"Respiratory protective equipment” means an apparatus, suchasarespirator, usedtoreduceanindividud's
intake of arborne radioactive materids.

"Sanitary sewerage' means a systemof public sewersfor carrying off waste water and refuse, but excluding
sewage trestment facilities, septic tanks, and leach fields owned or operated by the licensee or registrant.

“ Self-contained breething apparatus (SCBA)” means an atmosphere-supplying respirator for which the
breathing air source is designed to be carried by the user.

"Stochadtic effect” means a hedth effect that occurs randomly and for which the probability of the effect
occurring, rather thanits severity, isassumed to be alinear function of dose without threshold. Hereditary
effects and cancer incidence are examples of stochastic effects. For purposes of these regulations,
"probabiligtic effect” is an equivadent term.

“Supplied-air respirator (SAR)” or arline respirator means an atmosphere-supplying respirator for which
the source of breathing air is not designed to be carried by the user.

“Tight-fitting facepiece’” means arespiratory inlet covering that forms a complete sed with the face.
“User sedl check (fit check)” means an action conducted by the respirator user to determine if the
respirator is properly seated to the face. Examples include negative pressure check, positive pressure

check, irritant smoke check, or iscamyl acetate check.

"Very highradiationared’ means anarea, accessible to individuas, in which radiation levels fromradiation
sources externa to the body could result inanindividua recaelving an absorbed dose in excess of 500 rads
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£5 grays) in 1 hour a 1 meter fromasource of radiationor from any surface that the radiation penetrates.

"Weighting factor" wy for an organ or tissue (T) means the proportion of the risk of stochastic effects
resulting from irradiation of that organ or tissue to the tota risk of stochastic effects when the whole body
isirradiated uniformly. For caculating the effective dose equivaent, the vaues of w; are:

ORGAN DOSE WEIGHTING FACTORS

Organ or
Tissue W

Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder 0.30?
Whole Body 1.00°

20.30 results from 0.06 for each of 5 "remainder" organs, exduding the skin and
the lens of the eye, that receive the highest doses.

b For the purpose of weighting the external whole body dose, for adding it to the
internd dose, asingle weighting factor, w;y = 1.0, has been specified. The useof
other weighting factorsfor externa exposure will be approved ona case-by-case
basis until such time as specific guidance isissued.

801.D.4 Implementation

(8 Any exiginglicenseor registration conditionthat is moreredtrictivethanSection D remans inforce until
there is an amendment or renewd of the license or regigration.

(b) If alicense or regigration condition exempts a licensee or registrant from aprovison of Section D in
effect on or before August 9, 1996, it also exempts the licensee or regigrant from the corresponding
provison of Section D.

(o) If alicense or regidration condition cites provisons of Section D in effect prior to August 9, 1996,
which do not correspond to any provisions of Section D, the license or regidiration condition remansin

1 At very high doses received at high dose rates, units of absorbed dose, gray and rad, are
gppropriate, rather than units of dose equivaent, Severt and rem.
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force until there is an amendment or renewd of the license or regigration that modifies or removes this
condition.

RADIATION PROTECTION PROGRAMS

801.D.101 Radiation Protection Programs.

(8 Each licensee or regigrant shdl develop, document, and implement a radiation protection program
uffident to ensure compliance with the provisons of this section. See 801.D.1102 for recordkeeping
requirements relating to these programs.

(b) The licensee or registrant shal use, to the extent practical, procedures and engineering controls based
uponsound radiation protection principles to achieve occupationa dosesand public dosesthat are aslow
asisreasonably achievable (ALARA).

(¢) Thelicensee or regigrant shdl, at intervas not to exceed 12 months, review the radiation protection
program content and implementation.

(d) To implement the ALARA requirements of 801.D.101 (b), and notwithstanding the requirements in
801.D.301 of thissection, acondraint onar emissons of radioactive materia to theenvironment, excdluding
Radon-222 and its daughters, shdl be established by licensees, such that the individua member of the
public likely to recaive the highest dose will not be expected to receive atotd effective dose equivaent in
excess of 10 mrem (0.1 mSv) per year from these emissons. If a licensee subject to this requirement
exceeds this dose congtraint, the licensee shdl report the exceedance as provided in 801.D.1203 and
promptly take appropriate corrective action to ensure against recurrence.

OCCUPATIONAL DOSE LIMITS

801.D.201 Occupational Dose Limits for Adults.

(& The licensee or regigrant shal control the occupationa dose to individuad adults, except for planned
specid exposures pursuant to 801.D.206, to the following dose limits:

(1)) Anannud limit, which isthe more limiting of:
() thetotd effective dose equivdent being equd to 5 rems (0.05 Severt); or

(i)  thesumof the deep dose equivdent and the committed dose equivaent to any individua
organ or tissue other than the lens of the eye being equa to 50 rems (0.5 Severt).

(2) Theannud limitsto the lens of the eye, to the skin, and to the extremities which are:
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() alensdoseequivdent of 15 rems (0.15 severt), and
@)  ashdlow dose equivdent of 50 rems (0.5 Severt) to the skin or to any extremity.

(b) Doses received inexcess of the annud limits, including doses received during accidents, emergencies,
and planned specid exposures, shdl be subtracted from the limits for planned specid exposures that the
individua may receive during the current year and during the individud'slifetime. See801.D.206(e)(1) and

Q).

(c) The assigned deep dose equivaent and shdlow dose eguivdent shdl be for the portion of the body
recelving the highest exposure determined as follows:

(1) Thedeep dose equivaent, lens dose equivaent and shallow dose equivaent may be assessed
from surveys or other radiation measurements for the purpose of demonstrating compliance with the
occupationa dose limits, if the individua monitoring device was not in the region of highest potentia
exposure, or the results of individua monitoring are unavailable; or

(20 Reserved.

(d) Derived air concentration (DAC) and annud limit on intake (ALI) vaues are presented in Table | of
Appendix B of this section and may be used to determine the individud's dose and to demonstrate
compliance with the occupationa dose limits. See 801.D.1107.

(e) Notwithstanding the annua dose limits; the licensee shal limit the soluble uraniumintakeby anindividud
to 10 milligramsin a week in consderation of chemica toxicity. See footnote 3 of Appendix B of this
section.

(f) The licensee or regidrant shdl reduce the dose that an individua may be alowed to recaive in the
current year by the amount of occupationa dose received while employed by any other person. See
801.D.205(e).

801.D.202 Compliance with Reguirements for Summation of Externa and Internad Doses.

(& If the licensee is required to monitor pursuant to both 801.D.502(a) and (b), the licensee shall
demonstrate compliance with the dose limits by summing externd and internd doses. If the licensee or
registrant is required to monitor only pursuant to 801.D.502(a) or only pursuant to 801.D.502(b), then
summationis not required to demongtrate compliance with the dose limits. The licensee may demonstrate
compliance withthe requirementsfor summation of external and internal doses pursuant to 801.D.202(b),
(¢) and (d). The dose equivaentsfor the lens of the eye, the skin, and the extremities are not included in
the summation, but are subject to separate limits.

(b) Intake by Inhdetion. If the only intake of radionuclides is by inhdation, the totd effective dose
equivaent limit is not exceeded if the sum of the deep dose equivaent divided by the totd effective dose
equivaent limit, and one of the following, does not exceed unity:
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(1) thesum of thefractions of the inhdation ALI for each radionuclide, or

(2) thetotd number of derived air concentration-hours (DAC-hours) for al radionuclides divided
by 2,000, or

(3) the sum of the caculated committed effective dose equivaents to al sgnificantly irradiated
organs or tissues(T) ca culated frombioassay data usng appropriate biologica modds and expressed
asafraction of the annud limit. For purposes of this requirement, anorganor tissue is deemed to be
sgnificantly irradiated if, for that organ or tissue, the product of the weighting factors, w;, and the
committed dose equivaent, Hr 5o, per unit intake is greater than 10 percent of the maximum weighted
value of Hg, that is, wyHy 50, per unit intake for any organ or tissue.

(o) Intake by Ora Ingedion If the occupationdly exposed individua aso receives an intake of
radionuclidesby ora ingestion greater than 10 percent of the gpplicable ora ALI, the licensee or regigtrant
shdl account for thisintake and include it in demondirating compliance with the limits.

(d) Intake through Wounds or Absorption through Skin. The licensee shdl evauate and, to the extent
practical, account for intakes through wounds or skinabsorption. The intake through intact skin has been
included in the cdculation of DAC for hydrogen-3 and does not need to be evauated or accounted for
pursuant to 801.D.202(d).

801.D.203 Determination of External Dose from Airborne Radioactive Materid.

(@ Licenseesdhdl, whendetermining the dose fromairborne radioactive materid, indudethe contribution
to the deep dose equivaent, lens dose equivdent, and shalow dose equivaent from externd exposureto
the radioactive cloud. See Appendix B, footnotes 1 and 2 of this section.

(b) Airborne radioactivity measurementsand DAC vauesshdl not be used as the primary meansto assess
the deep dose equivdent when the airborne radioactive materia includes radionuclides other than noble
gasesor if the doud of airborne radioactive materid is not relatively uniform. Thedetermination of thedeep
dose equivdent to an individud shdl be based upon measurements using insruments or individua
monitoring devices.

801.D.204 Determination of Internal Exposure.

(& For purposesof ng dose used to determine compliance withoccupational doseequivaent limits,
the licensee shdl, when required pursuant to 801.D.502, take suitable and timely measurements of:

(1) concentrations of radioactive materiadsin ar in work areas; or
(2) quantities of radionuclides in the body; or

(3) quarntities of radionuclides excreted from the body; or
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(4) combinations of these measurements.

(b) Unlessrespiratory protective equipment isused, as provided in801.D.703, or theassessment of intake
isbased on bioassays, the licensee shdl assume that anindividud inhaesradioactive materid at theairborne
concentration in which the individud is present.

() When specific information on the physica and biochemicd properties of the radionuclides taken into
the body or the behavior of the materid in an individud is known, the licensee may:

(1) usethat information to caculate the committed effective dose equivdent, and, if used, the
licensee shdl document that information in the individud's record; and

(2)  uponprior approval of the Agency, adjust the DAC or ALI valuesto reflect the actua physica
and chemica characterigtics of airborne radioactive materid, for example, aerosol size distribution or
dengty; and

(3) separately assessthe contribution of fractiond intakes of Class D, W, or Y compounds of a
given radionuclide to the committed effective dose equivalent. See Appendix B of this section.

(d) If the licensee chooses to assess intekes of Class Y materid usng the measurements given in
801.D.204(a)(2) or (3), the licensee may dday the recording and reporting of the assessmentsfor periods
up to 7 months, unlessotherwiserequired by 801.D.1202 or 801.D.1203. Thisdday permitsthelicensee
to make additional measurements basic to the assessments.

(e) If theidentity and concentration of each radionuclide in amixtureare known, the fraction of the DAC
gpplicable to the mixture for use in caculating DAC-hours shdl be either:

(1) thesum of theratios of the concentration to the appropriate DAC vaue, thet is, D, W, or Y,
from Appendix B of this section for each radionuclide in the mixture; or

(2) theraio of the total concentrationfor al radionuclidesinthe mixtureto the most redirictive DAC
vaue for any radionuclide in the mixture.

(f) If theidentity of each radionuclide in a mixture is known, but the concentration of one or more of the
radionuclidesinthe mixtureis not known, the DAC for the mixture shdl be the most restrictive DAC of any
radionuclide in the mixture.

(99 When a mixture of radionuclides in ar exists, a licensee may disregard certain radionuclides in the
mixture if:

(1) thelicenseeusesthetotal activity of the mixturein demonstrating compliance withthe dose limits
in 801.D.201 and in complying with the monitoring requirements in 801.D.502(b); and

(2) the concentration of any radionuclide disregarded is less than 10 percent of its DAC; and
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(3) the sum of these percentages for dl of the radionuclides disregarded in the mixture does not
exceed 30 percent.

(h) When determining the committed effective dose equivaent, the following information may be
consdered:

(1) Inorder to caculate the committed effective dose equivalent, the licensee may assume that the
inhdation of one ALI, or an exposure of 2,000 DAC-hours, results in a committed effective dose
equivaent of 5 rems (0.05 severt) for radionuclides that have their ALIs or DACs based on the
committed effective dose equivaent.

(2) For an ALI and the associated DAC determined by the nonstochastic organ dose limit of 50
rems (0.5 severt), the intake of radionuclidesthat would result ina committed effective dose equivadent
of 5rems (0.05 severt), that is, the sochagtic AL, islisted in parenthesesin Table | of Appendix B
of this section.  The licensee may, as a Implifying assumption, use the stochastic ALI to determine
committed effective dose equivaent. However, if the licensee uses the stochastic AL, the licensee
shdl aso demongrate that the limit in 801.D.201(a)(1)(ii) is met.

801.D.205 Determination of Prior Occupational Dose.

(8 For each individud who is likely to receive in a year, an occupational dose requiring monitoring
pursuant to 801.D.502, the licensee or regigtrant shall:

(1) determinethe occupationd radiation dose received during the current year; and
(2) attempt to obtain the records of lifetime cumulative occupationd radiation dose.

(b) Priorto permitting an individua to participate in a planned specid exposure, the licensee or regigtrant
shdl determine:

(1) theinternd and externa dosesfrom dl previous planned specid exposures, and

(2) dl doses in excess of the limits, including doses recelved during accidents and emergencies,
received during the lifetime of the individud; and

(3) Al lifetime cumulative occupationd radiation dose.

(©) In complying with the requirements of 801.D.205(a), alicensee or registrant may:
(1) accept, asarecord of the occupationa dose that the individua recelved during the current year,
awritten Sgned statement from the individud, or from the individua's most recent employer for work

involving radiation exposure, that discloses the nature and the amount of any occupationa dose that
the individua received during the current year; and
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(2) accept, asthe record of lifetime cumulative radiation dose, an up-to-date Agency Form RH-4
or equivaent, sgned by the individua and countersigned by an appropriate officia of the most recent
employer for work involving radiation exposure, or the individua's current employer, if the individud
is not employed by the licensee or registrant; and

(3) obtain reports of the individud's dose equivdent from the most recent employer for work
involving radiation exposure, or the individud's current employer, if the individua is not employed by
the licensee or regigrant, by telephone, telegram, facamile, or letter. The licensee or regigtrant shdl
request a written verification of the dose dataif the authenticity of the transmitted report cannot be
established.

(d) (1) Thelicensee or regidrant shdl record the exposure history, as required by 801.D.205(a), on
Agency FormRH-4, or other clear and legible record, of dl the informationrequired onthat form. The
form or record shal show each period in which the individua received occupationa exposure to
radiationor radioactive materia and shdl be Sgned by the individua who received the exposure. For
each period for which the licensee or registrant obtains reports, the licensee or registrant shdl use the
dose shown in the report in preparing Agency FormRH-4 or equivaent. For any period in which the
licensee or registrant does not obtain a report, the licensee or registrant shall place a notation on
Agency Form RH-4 or equivadent indicating the periods of time for which data are not available.

(2) Licensees are not required to reevauate the separate externa dose equivaents and internal
committed dose equivaents or intakes of radionuclides assessed pursuant to the regulations in this
section in effect before August 9, 1996. Further, occupationa exposure histories obtained and
recorded on Agency Form RH-4 or equivadent before August 9, 1996, would not have included
effective dose equivdent, but may be used in the absence of specific information on the intake of
radionuclides by the individud.

(e) If the licensee is unable to obtain a complete record of an individud's current and previoudly
accumulated occupationd dose, the licensee shall assume:

(1)) Inedablishing adminigrative controls pursuant to 801.D.201(f) for the current year, that the
dlowable dose limit for the individud isreduced by 12.5 milliseverts (1.25 rems) for each quarter for
which records were unavailable and the individud was engaged in activities that could have resulted
in occupationd radiation exposure; and

(2) Tha theindividud is not available for planned specid exposures.

(f) Thelicensee shdl retain the records on Agency Form RH-4 or equivaent until the Agency terminates
each pertinent license or regidration requiring this record. The licensee shdl retain records used in
preparing Agency Form RH-4 or equivaent for 3 years after the record is made.

801.D.206 Panned Specia Exposures. A licenseeor registrant may authorize an adult worker to receive
doses in addition to and accounted for separately from the doses received under the limits specified in
801.D.201 provided that each of the following conditionsis satified:
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(& Thelicensee or registrant authorizes a planned specid exposure only in an exceptiond Stuationwhen
dternatives that might avoid the dose estimated to result fromthe planned special exposure are unavailable
or impracticd.

(b) Thelicensee or regidrant, and employer if the employer is not the licensee or regidrant, specificaly
authorizes the planned specia exposure, in writing, before the exposure occurs.

(c) Beforeaplanned specid exposure, the licensee or regigtrant ensures that each individud involved is
(1) informed of the purpose of the planned operation; and

(2) informed of the estimated doses and associated potentia risks and specific radiation levels or
other conditions that might be involved in performing the task; and

(3 indructed inthe measuresto be takento kegpthedose ALARA consdering other risksthat may
be present.

(d) Prior to permitting an individua to participate in aplanned specia exposure, the licensee or registrant
ascertains prior doses as required by 801.D.205(b) during the lifetime of the individua for eachindividud
involved.

(e) Subjectto801.D.201(b), the licenseeor registrant shdl not authorize a planned specia exposure that
would causean individud to receive a dose from al planned specid exposures and al dosesin excess of
the limits to exceed:

(1) thenumericd vaues of any of the dose limitsin 801.D.201(a) in any year; and
(2) fivetimesthe annud dose limitsin 801.D.201(a) during the individud's lifetime.

(f) Thelicenseeor regigrant mantains records of the conduct of aplanned specid exposureinaccordance
with 801.D.1106 and submits a written report in accordance with 801.D.1204.

(9) The licensee or regidrant records the best estimate of the dose resulting from the planned specia
exposure in the individud's record and informs the individud, in writing, of the dose within 30 days from
the date of the planned specia exposure. The dosefrom planned specia exposures shdl not be considered
in controlling future occupationa dose of the individua pursuant to 801.D.201(a) but shdl be included in
evaluations required by 801.D.206(d) and ().

801.D.207 Occupational Dose Limits for Minors. The annua occupationa dose limitsfor minorsare 10
percent of the annua occupational dose limits specified for adult workersin 801.D.201.
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801.D.208 Dose to an Embryo/Fetus.

(@) The licensee or regigrant shdl ensure that the dose equivdent to an embryo/fetus during the entire
pregnancy, due to occupationd exposure of a declared pregnant woman, does not exceed 0.5 rem (5
milliseverts). See 801.D.1107 for recordkeeping requirements.

(b) The licensee or registrant shall make efforts to avoid substantial variatior? above a uniform monthly
exposure rate to a declared pregnant woman so asto satisfy the limit in 801.D.208(a).

(¢) The dose equivdent to an embryo/fetus shal be taken as the sum of:
(1) the deep dose equivaent to the declared pregnant woman; and

(2) the dose equivdent to the embryoffetus from radionuclides in the embryo/fetus and
radionuclidesin the declared pregnant woman.

(d) If by the time the woman declares pregnancy to the licensee or registrant, the dose equivaent to the
embryof/fetus has exceeded 4.5 millisieverts (0.45 rems), the licensee or registrant shal be deemed to be
incompliancewith801.D.208(a) if the additional dose to the embryo/fetus does not exceed 0.05 rem (0.5
millisevert) during the remainder of the pregnancy.

RADIATION DOSE LIMITSFOR
INDIVIDUAL MEMBERS OF THE PUBLIC

801.D.301 Dose Limitsfor Individua Members of the Public.

(8 Eachlicensee or registrant shal conduct operations so that:

(1) thetotd effective dose equivaent to individua members of the public from the licensed or
registered operation does not exceed 0.1 rem (1 millisevert) in a year, exclusve of the dose
contributions from background radiation, from any medicad adminigirationthe individud hasreceived,
from exposure to individuds administered radioactive materid and released in accordance with
801.G.26 of these regulations fromvoluntary participationinmedica research programs, and from the
licensee's disposal of radioactive materid into sanitary sewerage in accordance with 801.D.1003 3;
and

2 The Nationa Council on Radiation Protection and Measurements recommended in NCRP
Report No. 91 "Recommendations on Limits for Exposure to lonizing Radiaion” (June 1, 1987) that no
more than 0.05 rem (0.5 millisevert) to the embryo/fetus be received in any one month.

3 Rerdfit shdl not be required for locations within facilities where only radiation machines existed
prior to August 9, 1996, and met the previous requirements of 0.5 rem (5 milliseverts) in ayear.
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(2) thedoseinany unredtricted areafromexterna sources, excusve of the dose contributions from
patients adminigtered radioactive materia and released in accordance with 801.G.26 of these
regulations does not exceed 0.002 rem (0.02 millisevert) in any one hour.

(b) Ifthelicenseeor regigtrant permits members of the public to have access to controlled areas, the limits
for members of the public continue to gpply to those individuas.

(©) A licensee, regigrant, or an gpplicant for a license or registration may apply for prior Agency
authorization to operate up to an annua dose limit for an individuad member of the public of 0.5 rem (5
milliseverts). This gpplication shdl indude the fallowing informetion:

(1) demongration of the need for and the expected duration of operations in excess of thelimitin
801.D.301(a); and

(2) the licensegs or regidrant's program to assess and control dose within the 0.5 rem (5
milliseverts) annud limit; and

(3) the proceduresto be followed to maintain the dose ALARA.

(d) In addition to the requirements of Section D, a licensee subject to the provisons of the U.S.
Environmenta Protection Agency's generally applicable environmenta radiation standardsin40 CFR 190
shal comply with those standards.

(e) The Agency may impose additiona regtrictions on radiaion levels inunrestricted areas and on the total
quantity of radionuclides that a licensee or regidrant may release in effluents in order to redtrict the
collective dose.

801.D.302 Compliance with Dose Limits for Individua Members of the Public.

(& Thelicenseeor regigrant shdl make or causeto be made surveys of radiationlevesinunrestricted and
controlled areas and radioactive maerids in efluents released to unrestricted and controlled areas to
demondtrate compliance with the dose limits for individua members of the public in 801.D.301.

(b) A licensee or regidrant shal show compliance with the annua dose limit in 801.D.301 by:
(1) demongrating by measurement or caculation that the total effective dose equivalent to the
individua likely to receive the highest dose from the
licensed or registered operation does not exceed the annual dose limit; or

(2) demondrating that:
(i)  theannud average concentrations of radioactive materia released in gaseous and

liquid effluents at the boundary of the unrestricted area do not exceed the values
gpecified in Table 1 of Appendix B of this section; and
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@) if anindividud were continudly present in an unrestricted area, the dose from
externa sources would not exceed 0.002 rem (0.02 millisevert) in an hour and
0.05 rem (0.5 millisevert) in ayear.

(c) Uponapproval fromthe Agency, the licensee may adjust the effluent concentrationvauesin Appendix
B, Table I, of this section, for members of the public, to take into account the actual physica and chemica
characterigtics of the effluents, such as, aerosol sze didribution, solubility, dengty, radioactive decay
equilibrium, and chemica form.

TESTING FOR LEAKAGE OR CONTAMINATION OF SEALED SOURCES

801.D.401 Testing for Leakage or Contamination of Sealed Sources.

(& Thelicensee in possession of any seadled source shall assure that:

(1) Eachsealed source, except as specifiedin801.D.401(b), istested for leakage or contamination
and the test results are received before the sedled source is put into use unless the licensee has a
certificate from the transferor indicating that the sealed source was tested within 6 months before
transfer to the licensee.

(2) Each sedled source that is not designed to emit dpha particles is tested for leakage or
contamination at intervals not to exceed 6 months or at dternative intervas gpproved by the Agency,
an Agreement State, a Licensing State, or the U.S. Nuclear Regulatory Commission.

(3) Eachseded sourcethat isdesigned to emit dpha particlesistested for leskage or contamination
at intervals not to exceed 3 months or at dternative intervals approved by the Agency, an Agreement
State, a Licensng State, or the U.S. Nuclear Regulatory Commission.

(4) Foreachseded source that is required to be tested for leakage or contamination, at any other
time there is reason to suspect that the sealed source might have been damaged or might be lesking,
thelicensee shdl assure that the sealed sourceistested for leakage or contaminationbefore further use.

(5) Testsforleaskage for dl sedled sources, except brachytherapy sources manufactured to contain
radium, shall be capable of detecting the presence of 0.005 microcurie (185 becquerels) of radioactive
materid onatest sample. Test samples shdll be taken from the sealed source or from the surfaces of
the container inwhichthe sealed sourceis stored or mounted onwhichone might expect contamination
toaccumulate. For a sealed source contained in adevice, test samples are obtained when the source
isinthe"off" pogtion.

(6) Thetestfor leskage for brachytherapy sources manufactured to contain radium shal be capable
of detecting an absolute leskage rate of 0.001 microcurie (37 becquerdls) of radon-222 in a 24 hour
period whenthe collectionefficiencyfor radon-222 and its daughters has been determined withrespect
to collection method, volume and time.
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(7) Tedts for contamination from radium daughters shdl be taken on the interior surface of
brachytherapy source storage containers and shdl be capable of detecting the presence of 0.005
microcurie (185 becquerels) of a radium daughter which has a haf-life greater than 4 days.

(b) A licensee need not perform test for leakage or contamination on the following sedled sources:
(1) seded sources containing only radioactive materid with a haf-life of less than 30 days,
(2) seded sources containing only radioactive materid asagas,

(3) seded sources containing 100 microcuries (3.7 megabecquerels) or less of beta or photon-
emitting materid or 10 microcuries (370 kilobecquerds) or less of dpha-emitting materid,;

(4)  seded sources containing only hydrogen-3;
(5) seedsof iridium-192 encased in nylon ribbon; and

(6) seded sources, except telethergpy and brachytherapy sources, whicharestored, not being used
and identified asin storage. The licensee shdl, however, test each such sedled sourcefor leakage or
contamination and receive the test results before any use or transfer unless it has been tested for
leakage or contamination within 6 months before the date of use or tranfer.

(c) Testsfor leskage or contamination from sealed sources shdl be performed by persons specificdly
authorized by the Agency, an Agreement State, a Licensing State, or the U.S. Nuclear Regulatory
Commission to perform such services.

(d) Test results shdl be kept in units of microcurie or becquerd and maintained for inspection by the
Agency.

(e) Thefollowing shdl be consdered evidence that a seded source is legking:

(1) Thepresenceof 0.005 microcurie (185 becquerels) or more of removable contaminationonany
test sample.

(2) Leakage of 0.001 microcurie (37 becquerds) of radon-222 per 24 hours for brachytherapy
sources manufactured to contain radium.

(3) The presence of removable contamination resulting from the decay of 0.005 microcurie (185
becquerels) or more of radium.

(f) The licensee sdl immediatdy withdraw a leaking sedled source from use and shal take action to

prevent the spread of contamination. The leaking sedled source shdl be repaired or disposed of in
accordance with this section.
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(9) Reports of test results for leaking or contaminated sealed sources shal be made pursuant to
801.D.1208.

SURVEYSAND MONITORING

801.D.501 General.

(&) Eachlicensee or registrant shall make, or cause to be made, surveysthat:
(1) aenecessay for the licensee or registrant to comply with Section D; and
(2) arenecessary under the circumstancesto evauate:
(i) the magnitude and extent of radiation levels, and
(if) concentrations or quantities of radioactive materid; and
(iii) the potentid radiologica hazards.

(b) The licensee or regigtrant shdl ensure that instruments and equipment used for quantitative radiation
measurements, for example, dose rate and effluent monitoring, are calibrated at intervals not to exceed 12
months unless amore frequent interva is specified in another section of these regulations for the radiation
messured.

(c) All' personnel dosimeters, except for direct and indirect reading pocket ionization chambers and those
dosmeters used to measure the dose to any extremity, that require processing to determine the radiation
dose and that are used by licensees and registrants to comply with 801.D.201, with other applicable
provisons of these regulations, or with conditions specified in alicense or regigtration shall be processed
and evaluated by a dosmetry processor:

(1) holding current personnel dosmetry accreditation from the National Voluntary Laboratory
Accreditation Program (NVLAP) of the Nationd Ingtitute of Standards and Technology; and

(2) approved in this accreditation process for the type of radiation or radiations included in the
NVLAP program that most closely approximates the type of radiation or radiations for which the
individua weering the dosimeter is monitored.

(d) The licensee or regidrant shdl ensure that adequate precautions are taken to prevent a deceptive
exposure of an individua monitoring device.

801.D.502 Conditions Requiring Individua Monitoring of External and Interna Occupationa Dose.

Each licensee or regidrant shal monitor exposures from sources of radiation a levels sufficient to
demondtrate compliance with the occupationa dose limits of this section. Asaminimum:
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() Eachlicenseeor regigtrant shdl monitor occupationa exposureto radiationand shdl supply and require
the use of individua monitoring devices by:

(1) adultslikdy to receive, in 1 year from sources externa to the body, a dose in excess of 10
percent of the limitsin 801.D.201(a); and

(20 minorslikely to receive, in 1 year from sources of radiation externd to the body, a deep dose
equivaent in excess of 0.1 rem (1ImSv), alens dose equivaent inexcessof 0.15 rem (1.5 mSv), or a
shallow dose equivaent to the skin or to the extremities in excess of 0.5 rem (5 mSv);

and

(3) declaredpregnant womenlikdyto receive during the entire pregnancy, fromsources of radiation
externa to the body, a degp dose equivaent in excess of 0.1 rem (1 mSv); # and

(4) individuds entering a high or very high radiation area.
(b) Each licensee shdl monitor, to determine compliance with 801.D.204, the occupational intake of
radioactive material by and assess the committed effective dose equivaent to:

(1)) adultslikdy to receive, in 1 year, an intake in excess of 10 percent of the applicable ALI in
Tablel, Columns 1 and 2, of Appendix B of this section; and

(20 minorslikely to receive, in 1 year, acommitted effective dose equivaent in excess of 0.1 rem
(2 mSv); and

(3) dedlared pregnant women likely to receive, during the entire pregnancy, a committed effective
dose equivalent in excess of 0.1 rem (1 mSv).

CONTROL OF EXPOSURE FROM EXTERNAL SOURCES
IN RESTRICTED AREAS

801.D.601 Control of Accessto High Radiation Aress.

(& Thelicensee or registrant shal ensure that each entrance or access point to a high radiation area has
one or more of the following features.

4 All of the occupational dosesin 801.D.201 continue to be applicable to the declared pregnant
worker aslong as the embryoffetus dose limit is not exceeded.
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(1) acontrol device that, uponentry into the area, causesthe leve of radiationto be reduced below
that leve at which an individua might receive a degp dose equivadent of 0.1 rem (1 millisevert) in 1
hour at 30 centimeters from the source of radiation from any surface that the radiation penetrates; or

(2) acontrol devicethat energizesaconspicuous vishle or audible darmsgnd so that the individud
entering the high radiation area and the supervisor of the activity are made aware of the entry; or

(3) entryways that are locked, except during periods when access to the areasis required, with
positive control over eech individua entry.

(b) In place of the controls required by 801.D.601(a) for a high radiation area, the licensee or registrant
may substitute continuous direct or eectronic surveillancethat is cgpable of preventing unauthorized entry.

(c) Thelicensee or registrant may apply to the Agency for gpprova of adternative methods for controlling
accessto high radiation aress.

(d) The licensee or registrant shall establish the controls required by 801.D.601(a) and (c) in away that
does not prevent individuas from leaving a high radiation area.

(e) Thelicenseeisnot required to control each entrance or access point to aroom or other areathat isa
high radiation area solely because of the presence of radioactive materias prepared for transport and
packaged and labeled in accordance with the regulations of the U.S. Department of Transportation
provided that:

(1) the packages do not remain in the arealonger than 3 days, and

(2) the dose rate at 1 meter from the externd surface of any package does not exceed 0.01 rem
(0.1 millisevert) per hour.

(f) Thelicenseeisnot required to control entrance or access to rooms or other areas in hospitals solely
because of the presence of patients containing radioactive materid, provided that there are personnel in
attendance who are taking the necessary precautions to prevent the exposure of individuas to radiation or
radioactive materid in excess of the established limits in this section and to operate within the ALARA
provisons of the licensee's radiation protection program.

(9) Theregidrant isnot required to control entrance or access to rooms or other areas containing sources
of radiation capable of producing a high radiation area as described in801.D.601 if the registrant hasmet
dl the specific requirements for access and control specified in other gpplicable sections of these
regulations, such as, Section E for industrid radiography, SectionF for x-raysin the hedling arts, Section
| for particle accelerators and Section X for thergpeutic radiation machines.

801.D.602 Control of Accessto Very High Radiation Areas.
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(& Inadditionto the requirementsin801.D.601, the licensee or registrant shdl inditute measurestoensure
that an individud is not able to gain unauthorized or inadvertent access to areas in which radiation levels
could be encountered at 500 rads (5 grays) or morein 1 hour at 1 meter fromasource of radiation or any
surface through whichthe radiation penetrates. Thisrequirement doesnot apply to roomsor areasinwhich
diagnogtic x-ray systems are the only source of radiation, or to non-self-shielded irradiators.

(b) Theregidrant is not required to control entrance or accessto rooms or other areas containing sources
of radiation cgpable of producing avery high radiation area as described in 801.D.602(a) if the registrant
hasmet dl the specific requirements for access and control specified in other gpplicable sections of these
regulations, such as, Section Efor industrid radiography, Section F for x-raysin the hedling arts, Section
| for particle acceerators and Section X for thergpeutic radiation machines.

801.D.603 Control of Accessto Very High Radiation Areas -- Irradiators.

(&) Section 801.D.603 applies to licensees with sources of radiaion in non-saf-shielded irradiators.
Section 801.D.603 does not apply to sources of radiation that are used in teletherapy, in industria
radiography, or in completely sdlf-shidded irradiators in which the source of radiation is both stored and
operated within the same shielding radiation barrier and, in the designed configuration of the irradiator, is
aways physcdly inaccessble to any individua and cannot create highlevds of radiation in an areathet is
accessible to any individud.

(b) Eachareainwhichtheremay exigt radiation levelsin excess of 5 grays (500 rads) in 1 hour a 1 meter
from a source of radiation that is used to irradiate materias shal meet the following requirements:

(1) Eachentrance or access point shal be equipped with entry control devices which:

(i) function automaticaly to prevent any individud from inadvertently entering a very high
radiation area; and

(i)  permit deliberate entry into the areaonly after acontrol deviceis actuated that causesthe
radiation level within the area, from the source of radiation, to be reduced below that at
which it would be possible for an individua to receive a degp dose equivaent in excess
of 0.1 rem (1 millisevert) in 1 hour; and

(i)  prevent operationof thesource of radiationif it would produce radiationlevesinthe area
that could result in a deep dose eguivdent to an individud in excess of 0.1 rem (1
milligevert) in 1 hour.

(2) Additiond control devices shal be provided so that, uponfailure of the entry control devicesto
function as required by 801.D.603(b)(1):

(i) theradiation level within the area, from the sourceof radiation, is reduced below that at

which it would be possible for an individud to receive a degp dose equivaent in excess
of 0.1 rem (1 millisevert) in 1 hour; and
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(i)  conspicuous vishle and audible darm 3gnds are generated to make an individual
attempting to enter the area aware of the hazard and at least one other authorized
individud, who is physcdly present, familiar withthe activity, and prepared to render or
summon assistance, aware of the failure of the entry control devices.

(3) Thelicenseeshdl provide control devices so that, upon failure or remova of physical radiation
barriers other than the sealed source's shielded storage container:

(i) theradiationleve fromthe source of radiationis reduced below that at which it would be
possible for an individud to receive a deep dose equivdent in excess of 0.1 rem (1
millisevert) in 1 hour; and

(i)  congpicuous visble and audible darm Sgnds are generated to make potentidly affected
individuas aware of the hazard and the licensee or a least one other individud, who is
familiar with the activity and prepared to render or summon assistance, aware of the
falure or remova of the physicd barrier.

(4) Whenthe shidd for stored sealed sourcesisaliquid, the licensee shdl provide means to monitor
the integrity of the shidd and to sgnd, automaticdly, loss of adequate shieding.

(5) Physcd radiation barriers that comprise permanent structura components, such aswalls, that
have no credible probability of falure or remova in ordinary circumstances need not meet the
requirements of 801.D.603(b)(3) and (4).

(6) Eachareadhdl beequippedwithdevicesthat will autométicaly generate conspicuous vishleand
audible darm sgnds to dert personnel in the area before the source of radiation can be put into
operation and in time for any individud inthe areato operate a clearly identified control device, which
must be indaled in the area and which can prevent the source of radiation from being put into
operation.

(7) Eachareadhdl be controlled by use of such adminisirative procedures and such devicesasare
necessary to ensure that the arealis cleared of personnd prior to each use of the source of radiation.

(8) Each area ddl be checked by a radiation measurement to ensure that, prior to the first
individud's entry into the area after any use of the source of radiation, the radiation level from the
source of radiation in the areais below that a which it would be possible for an individud to receive
adeep dose equivadent in excess of 0.1 rem (1 millisievert) in 1 hour.

(9) The entry control devices required in 801.D.603(b)(1) shdl be tested for proper functioning.
See 801.D.1110 for recordkeeping requirements.

(i) Testing shdl be conducted prior to initia operation with the source of radiation on any
day, unless operations were continued uninterrupted from the previous day.
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(i) Testing shdl be conducted prior to resumption of operation of the source of radiation
after any unintentiona interruption.

@iy  Thelicenseeshdl submit and adhere to a schedule for periodic tests of the entry control
and warning sysems.

(10) The licensee ddl not conduct operations, other than those necessary to place the source of
radiation in safe condition or to effect repairs on controls, unless control devices are functioning

properly.

(11) Entryand exit portas that are used in trangporting materids to and fromthe irradiationarea, and
that are not intended for use by individuds, shdl be controlled by such devices and adminigrative
procedures as are necessary to physcaly protect and warn againgt inadvertent entry by any individud
through these portals. Exit portals for irradiated materias shal be equipped to detect and sgnd the
presence of any loose radioactive materid that is carried toward such an exit and automaticaly to
prevent loose radioactive materid from being carried out of the area.

(c) Licensees, or gpplicantsfor licensesfor sources of radiationwithin the purview of 801.D.603(b) which
will be used inavariety of positions or inlocations, suchas openfiddsor forests, that makeit impracticable
to comply with certain requirements of 801.D.603(b), suchasthose for the automatic control of radiation
levels, may apply to the Agency for gpprova of dternative safety measures. Alternative safety measures
shall provide personne protection at least equivaent to those specified in 801.D.603(b). At least one of
the dternative measures shal include an entry-preventing interlock control based onameasurement of the
radiation that ensures the absence of high radiaion levels before an individuad can gain accessto the area
where such sources of radiation are used.

(d) Theentry control devicesrequired by 801.D.603(b) and (c) shdl be established in such away that no
individua will be prevented from leaving the area.

RESPIRATORY PROTECTION AND CONTROLSTO RESTRICT
INTERNAL EXPOSURE IN RESTRICTED AREAS

801.D.701 Use of Process or Other Enginegring Controls. The licensee shdl usg, to the extent
practicable, process or other engineering controls, such as, containment, decontamination, or ventilation,
to control the concentrations of radioactive materid in air.

801.D.702 Use of Other Contrals.

(& When it isnot practicable to apply process or other engineering controls to control the concentrations
of radioactive materid in air to values below those that define an airborne radioactivity area, the licensee
or regigrant shdl, consstent with maintaining the total effective dose equivaent ALARA, increase
monitoring and limit intakes by one or more of the following means
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(1) control of access, or
(2) limitation of exposure times, or
(3) useof respiratory protection equipment; or
(4) other controls.
(b) If the licensee performs an ALARA andysis to determine whether or not respirators should be used,

the licensee may consder safety factors other than radiologica factors. The licensee should also consider
the impact of respirator use on workers industrid health and safety.

801.D.703 Use of Individud Respiratory Protection Equipment.

(@ If the licensee uses respiratory protection equipment to limit intakes pursuant to 801.D.702:

(1) Except as provided in 801.D.703(a)(2), the licensee shal use only respiratory protection
equipment that is tested and certified or had certification extended by the Nationd Ingtitute for
Occupationd Safety and Hedlth

(2) If the licensee wishes to use equipment that has not been tested or certified by the National
Indtitute for Occupational Safety and Health, or for which there is no schedule for testing or
certification, the licensee shdl submit an gpplication for authorized use of that equipment, including a
demondtration by testing, or a demondration on the basis of rdiable test information, that the materid
and performance characteristics of the equipment are capable of providing the proposed degree of
protection under anticipated conditions of use.

(3) Thelicensee shdl implement and maintain arespiratory protection program that includes:

() ar sampling sufficient to identify the potentia hazard, permit proper equipment sdection,
and estimate doses; and

(i)  surveysand bioassays, as appropriate, to evauate actua intakes, and

(i)  tedting of respirators for operability (user seal check for face sealing devices and
functiona check for others) immediatdy prior to each use; and

(iv) written procedures regarding sdlection, fitting, issuance, maintenance, and testing of
respirators, induding testing for operabilityimmediatdy prior to each use; supervisonand
traning of personnd; monitoring, induding ar sampling and bioassays, and
recordkeeping; and
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(v) determination by a physician prior to initid fitting of respirators, and either every 12
months thereafter, or periodicaly at a frequency determined by a physician that the
individua user is medicdly fit to use the respiratory protection equipment.

(vi) Ht tegting, with fit factor > 10 times the APF for negative pressure devices, and afit
factor > 500 for any pogtive pressure, continuous flow, and pressure-demand devices,
beforethe first fidd use of tight fitting, face-sealing respirators and periodically thereafter
at afrequency not to exceed 1 year. Ft testing must be performed with the facepiece
operating in the negative pressure mode.

(4) Thelicensee shdl issue awritten policy statement on respirator usage covering:
(i) theuseof processor other engineering controls, instead of respirators, and
(i) theroutine, nonroutine, and emergency use of respirators, and
(i)  thelength of periods of respirator use and relief from respirator use.

(5) Thelicensee shdl advise each respirator user that the user may leave the area at any time for
relief from respirator use in the event of equipment mafunction, physical or psychologica distress,
procedura or communication falure, sgnificant deterioration of operating conditions, or any other
conditions that might require such rdlief.

(6) The licensee shdl aso condder limitations appropriate to the type and mode of use. When
selecting respiratory devicesthe licensee shdl provide for visoncorrection, adeguate communication,
low temperature work environments, and the concurrent use of other safety or radiologica protection
equipment. The licensee shal useeguipment insuchaway as not to interferewiththe proper operation
of the respirator.

(7) Standby rescue persons are required whenever one-piece atmosphere-supplying suits, or any
combinationof supplied ar respiratory protectiondevice and personnel protective eguipment are used
from which an unaided individua would have difficulty extricating himself or herself. The standby
persons must be equipped with respiratory protection devices or other gpparatus appropriate for the
potential hazards. The standby rescue persons shdl observe or otherwise maintain continuous
communication with the workers (visud, voice, sgnd line, telephone, radio, or other suitable means),
and beimmediatdy available to assst them in case of afailure of the ar supply or for any other reason
that requiresrdief from distress. A sufficient number of standby rescue persons must be immediatdy
avalable to asss dl users of this type of equipment and to provide effective emergency rescue if
needed.

(8) Atmosphere-supplying respirators must be supplied with respirable ar of grade D qudity or
better as defined by the Compressed Gas Associationinpublication G-7.1, "Commodity Specification
for Air," 1997 and included in the regulations of the Occupational Safety and Health Adminigration (29
CFR 1910.134(i)(1)(ii)(A) through (E). Grade D qudlity air criteriainclude:
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()  Oxygen content (v/v) of 19.5-23.5%;

(i)  Hydrocarbon (condensed) content of 5 milligrams per cubic meter of air or less,
(i)  Carbon monoxide (CO) content of 10 ppm or less,

(iv) Carbon dioxide content of 1,000 ppm or less, and

(v)  Lack of noticesable odor.

(99 The licensee shdl ensure that no objects, materids or substances, such as facid harr, or any
conditions thet interferewiththe face--facepiece sed or vave function, and that are under the control
of the respirator wearer, are present between the skin of the wearer's face and the sedling surface of
atight-fitting respirator facepiece.

(b) Inesimating the dose to individuas from intake of airborne radioactive materids, the concentration of
radioactive materid inthe ar that isinhded whenrespirators are wornisinitidly assumed to be the ambient
concentration in ar without respiratory protection, divided by the assigned protection factor. If the dose
islater found to be greater than the estimated dose, the corrected value must be used. If the dose is later
found to be less than the estimated dose, the corrected value may be used.

801.D.704 Further Redtrictionson the Use of Respiratory Protection Equipment. The Agency may impose
restrictions inadditionto the provisons of 801.D.702, 801.D.703, and Appendix A of this sectioninorder

to:

(8 Ensure that the respiratory protection program of the licensee is adequate to limit dosesto individuas
from intakes of arborne radioactive maerids conagent with maintaining total effective dose equivaent
ALARA; and

(b) Limit the extent to which a licensee may use respiratory protection equipment instead of process or
other engineering controls.

801.D.705 Application for Use of Higher Assigned Protection Factors. The licensee shdl obtain
authorization from the Agency before assigning respiratory protection factors in excess of those specified
in Appendix A of this section. The Agency may authorize a licensee to use higher assgned protection
factors on receipt of an gpplication that:

(a) describesthe situation for which aneed exists for higher protection factors; and

(b) demongtratesthat the respiratory protection equipment provides these higher protectionfactorsunder
the proposed conditions of use.
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STORAGE AND CONTROL OF LICENSED OR REGISTERED
SOURCES OF RADIATION

801.D.801 Security of Stored Sources of Radiation. The licensee or registrant shall secure from
unauthorized remova or accesslicensed or registered sources of radiation that are stored in controlled or
unrestricted aress.

801.D.802 Control of Sources of Radiation not in Storage.

(& Thelicensee shdl control and maintain congtant surveillance of licensed radioactive materia thet isin
acontrolled or unrestricted area and that is not in storage or in a patient.

(b) The regigrant shal maintain control of radiation machinesthat arein a controlled or unrestricted area
and that are not in storage.
PRECAUTIONARY PROCEDURES

801.D.901 Caution Signs.

() Standard Radiation Symbal. Unless otherwise authorized by the Agency, the symbol prescribed by
801.D.901 dhdl use the colors magenta, or purple, or black on yedlow background. The symbol
prescribed is the three-bladed design as follows:

RADIATION SYMBOL /\ ' /

1.  Crosshatched areaisto
be magenta, or purple, or black, and f

2. Thebackgroundisto be
ydlow.
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(b) Exception to Color Requirements for Standard Radiation Symbol. Notwithstanding the requirements
of 801.D.901(a), licensees or registrants are authorized to label sources, source holders, or device
components containing sources of radiation that are subjected to high temperatures, with conspicuoudy
etched or slamped radiation caution symbols and without a color requirement.

(c) Additiond Information on Signsand Labels. In addition to the contents of Sgnsand labels prescribed
in this section, the licensee or registrant shdl provide, on or near the required signs and labels, additiona
informetion, as appropriate, to makeindividuds aware of potential radiationexposures and to minmizethe
EXPosUres.

801.D.902 Posting Requirements.

(a) Pogtingof RadiationAreas. Thelicensee or registrant shal post each radiation areawith aconspicuous
sgn or signs bearing the radiation symbol and the words "CAUTION, RADIATION AREA."

(b) Podting of High Radiation Areas. The licensee or registrant shall post each high radiation areawith a
conspicuous Sgnor sgns bearing the radiation symbol and the words"CAUTION, HIGH RADIATION
AREA" or "DANGER, HIGH RADIATION AREA."

(c) Podting of Very High Rediation Aress. The licensee or registrant shall post each very high radiation
areawithaconspicuous Sgn or Sgns bearing the radiation symbol and words"GRAVEDANGER, VERY
HIGH RADIATION AREA."

(d) Pogting of Airborne Redioectivity Aress. The licensee hdl post each airborne radioactivity areawith
a congpicuous Sgn or 9gns bearing the radiation symbol and the words "CAUTION, AIRBORNE
RADIOACTIVITY AREA" or "DANGER, AIRBORNE RADIOACTIVITY AREA."

(e) Pogtingof Areasor Rooms inWhichL icensed Material isUsed or Stored. Thelicenseeshdl post each
area or room in which there is used or stored an amount of licensed material exceeding 10 times the
quantity of such materia specified in Appendix C of this section with a congpicuous sign or Sgns bearing
the radiation symbol and the words "CAUTION, RADIOACTIVE MATERIAL(S)" or "DANGER,
RADIOACTIVE MATERIAL(S)."

801.D.903 Exceptions to Posting Requirements.

(& A licensee or regidrant is not required to post caution Sgns in areas or rooms containing sources of
radiation for periods of lessthan 8 hours, if each of the following conditions is met:
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(1) thesourcesof radiationare congtantly attended during these periods by an individuad who takes
the precautions necessary to prevent the exposure of individuals to sources of radiation in excess of
the limits established in this section; and

(2) theareaor room issubject to the licensee's or registrant's control.
(b) Rooms or other areas in hospitds that are occupied by patients are not required to be posted with
caution Sgns pursuant to 801.D.902 provided that the patient could be released from licensee control
pursuant to 801.G.26 of these regulations.
(c) A room or areaiis not required to be posted with a caution sign because of the presence of aseded
source provided the radiation leve a 30 centimeters from the surface of the sealed source container or

housing does not exceed 0.005 rem (0.05 millisevert) per hour.

(d) A room or areais not required to be posted with a caution sign because of the presence of radiation
machines used solely for diagnosisin the heding arts.

801.D.904 Labding Containers and Radiation Machines.

(& Thelicensee shdl ensure that each container of licensed materid bears a durable, clearly visble label
bearing the radiation symbol and thewords"CAUTION, RADIOACTIVE MATERIAL" or "DANGER,
RADIOACTIVEMATERIAL." Thelabel shdl dsoprovideinformation, suchastheradionuclides present,
an estimate of the quantity of radioactivity, the date for whichthe activity isestimated, radiationleves, kinds
of materids, and mass enrichment, to permit individuas handling or using the containers, or working inthe
vicinity of the containers, to take precautions to avoid or minimize exposures.

(b) Each licensee ghdl, prior to remova or disposa of empty uncontaminated containers to unrestricted
areas, remove or deface the radioactive materia labe or otherwise clearly indicate that the container no
longer contains radioactive materids.

(c) Eachregigrant shdl ensure that each radiation machine is labeled in a conspicuous manner which
cautions individuals that radiation is produced when it is energized.

801.D.905 Exemptionsto Labeling Requirements. A licenseeisnot required to labd:

(& containers holding licensed materid in quantities less than the quantities listed in Appendix C of this
Section; or

(b) containershalding licensed materid in concentrations lessthanthose specified in Table 11 of Appendix
B of this section; or

(c) containers attended by an individua who takes the precautions necessary to prevent the exposure of
individuas in excess of the limits established by this section; or
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(d) containerswhenthey arein transport and packaged and labeled in accordance with the regulations of
the U.S. Department of Transportation; ° or

(e) containers that are accessible only to individuas authorized to handle or use them, or to work in the
vicnity of the containers, if the contents are identified to these individuds by a readily avalable written
record. Examples of containers of this type are containersinlocations suchaswater-filled cands, sorage
vaults, or hot cdls. The record shall be retained as long as the containers are in use for the purpose
indicated on the record; or

(f) installed manufacturing or process equipment, such as piping and tanks.

801.D.906 Procedures for Receiving and Opening Packages.

(&) Eachlicensee who expects to receive apackage containing quantities of radioactive materid inexcess
of aType A quantity, as defined in 801.T.2 and Appendix A of SectionT of theseregulations, shdl make
arrangementsto receive:

(1) the package when the carrier offersit for delivery; or

(2) thenatification of the arrival of the package at the carrier'stermina and to take possession of
the package expeditioudy.

(b) Each licensee shdl:

(1)  monitor the externa surfaces of a labeled © package for radioactive contamination unless the
package contains only radioactive materid in the form of gas or in gpecia form as defined in 801.A.2
of these regulations, and

(20  monitor the externa surfaces of a labeled ® package for radiation levels unless the package
contains quantities of radioactive materid that are less than or equal to the TypeA quantity, as defined
in 801.T.2 and Appendix A of Section T of these regulations; and

(3 monitor dl packages known to contain radioactive materid for radioactive contamination and
radiation leves if there is evidence of degradation of package integrity, such as packages that are
crushed, wet, or damaged.

5 Labding of packages containing radioactive materids is required by the U.S. Department of
Trangportetion if the amount and type of radioactive material exceeds the limits for an excepted quantity
or aticle as defined and limited by U.S. Department of Trangportation regulations 49 CFR 173.403(m)
and (w) and 173.421-424.

6 Labded with a Radioactive White |, Yelow II, or Yelow Il labd as specified in U.S.
Department of Transportation regulations 49 CFR 172.403 and 172.436.440.
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(c) Thelicenseeshdl performthe monitoring required by 801.D.906(b) as soon as practicable after receipt
of the package, but not later than 3 hours after the package is received at the licensees facility if it is
received during the licensee's norma working hours, or not later than 3 hoursfromthe beginning of the next
working day if it is received after working hours.

(d) Thelicensee shdl immediatdy natify the find ddlivery carrier and the Agency by telephone or facamiile,
when:

(1)) removable radioactive surface contamination exceeds the limits of 801.T.15(h) of these
regulations, or

(2) externd radiation levels exceed the limits of 801.T.15(i) and (j) of these regulations.
(e) Eachlicenseesdl:

(1) edadlish, mantain, and retain written procedures for safdy opening packages in which
radioactive materid is receved; and

(2) ensurethat the procedures are followed and that due consi derationisgivento specid ingructions
for the type of package being opened.
() Licenseestranderring speciad formsourcesinvehicles owned or operated by the licensee to and from
awork gte are exempt from the contamination monitoring requirements of 801.D.906(b), but are not

exempt from the monitoring requirement in 801.D.906(b) for measuring radiation levels that ensures that
the source is il properly lodged in its shidd.

WASTE DISPOSAL

801.D.1001 General Reguirements.

(@ A licensee shdl dispose of licensed materid only:

(1) by trandfer to anauthorized recipient as provided in801.D.1006 or inSections C or N of these
regulations, or to the U.S. Department of Energy; or

(2) by decay in storage; or
(3 by rdeasein efluentswithin the limitsin 801.D.301; or
(4) asauthorized pursuant to 801.D.1002, 801.D.1003, 801.D.1004, or 801.D.1005.

(b) A personshdl be specificaly licensed to recelve waste containing licensed materid fromother persons
for:
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(1) treatment prior to disposd; or

(2) trestment or digposd by incineration; or

(3) decay in storage; or

(4) disposd a aland disposd facility licensed pursuant to these regulations; or

(5) <orage until trandferred to a storage or disposd facility authorized to receive the waste.
801.D.1002 Method for Obtaining Approval of Proposed Disposal Procedures. A licensee or gpplicant
for alicense may apply to the Agency for approva of proposed procedures, not otherwise authorized in

theseregulations, to dispose of licensed materid generated in the licensee's operations. Each application
shdl indude

(a) a description of the waste containing licensed materid to be disposed of, including the physica and
chemica properties tha have an impact on risk evaduation, and the proposed manner and conditions of
wagte disposd; and

(b) an andysis and evauation of pertinent information on the nature of the environment; and
(c¢) the nature and location of other potentialy affected facilities; and

(d) analyses and procedures to ensure that doses are maintained ALARA and withinthe dose limitsin this
section.

801.D.1003 Disposal by Release into Sanitary Sewerage.

(& A licensee may discharge licensed materid into sanitary sewerage if each of the following conditions
issatidfied:

(1) thematerid isreadily soluble, or isreadily dispersble biologicd materid, in water; and

(2) thequarntity of licensed radioactive materia that the licenseerel easesinto the sewer in 1 month
divided by the average monthly volume of water released into the sewer by the licensee does not
exceed the concentration listed in Table 111 of Appendix B of this section; and

(3) if morethan oneradionuclide is released, the following conditions must dso be satisfied:

(i) the licensee sdl determine the fraction of the limit in Table 111 of Appendix B of this
section represented by discharges into sanitary sewerage by dividing the actud monthly
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average concentration of each radionucliderel eased by the licenseeinto the sewer by the
concentration of that radionuclide listed in Table [11 of Appendix B of this section; and

(i)  the sum of the fractions for each radionucliderequired by 801.D.1003(a)(3)(i) does not
exceed unity; and

(4) the tota quantity of licensed radioactive materia that the licensee releases into the sanitary
sewerage in a year does not exceed 5 curies (185 gigabecquerels) of hydrogen-3, 1 curie (37
gigabecquerels) of carbon-14, and 1 curie (37 gigabecquerdls) of dl other radioactive materiads
combined.

(b) Excreta from individuds undergoing medica diagnosis or thergpy with radioactive materia are not
subject to the limitations contained in 801.D.1003(a).

801.D.1004 Treatment or Disposal by Incineration. A licenseemay treat or dispose of licensed materid
by incineration only in the amounts and forms specified in 801.D.1005 or as pecificaly approved by the
Agency pursuant to 801.D.1002.

801.D.1005 Disposal of Specific Wadtes.

(@ A licensee may digpose of the following licensed materid asif it were not radioactive:

(1) 0.05microcurie (1.85 kilobecquerels) or less, of hydrogen-3or carbon-14 per gramof medium
used for liquid scintillation counting; and

(2)  0.05microcurie (1.85 kilobecquerels) or less, of hydrogen-3 or carbon-14 per gram of animd
tissue, averaged over the weight of the entire animd.

(b) A licensee shdl not dispose of tissue pursuant to 801.D.1005(a)(2) in amanner that would permit its
use ether asfood for humans or as animal feed.

(c) Thelicensee shdl maintain records in accordance with 801.D.1109.

801.D.1006 Transfer for Digposal and Manifests.

(& The requirements of 801.D.1006 and Appendix D of this section are desgned to:
(1) Control transfers of low-level radioactive waste by any waste generator, waste collector, or
waste processor licensee, as defined in this section, who ships low-level waste either directly, or
indirectly through a waste collector or waste processor, to alicensed low-level waste land disposal
facility (as defined in Appendix D of this section);
(2) Edablish amanifest tracking sysem; and

(3) Supplement existing requirements concerning transfers and recordkeeping for those wastes.
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(b) Any licensee shipping radioactive waste intended for ultimate disposal at alicensed land disposal fadility
must document the informationrequired on NRC's Uniform Low-Level Radioactive Waste Manifest and
transfer this recorded manifest information to the intended consignee in accordance with Appendix D of
this section.

(c) Each shipment manifest shdl indudea certificationby the waste generator as specified in Section 11 of
Appendix D of this section.

(d) Eachpersoninvolved in the transfer for digposal and disposal of waste, induding the waste generator,
waste collector, waste processor, and disposal fadility operator, shdl comply with the requirements
gpecified in Section 111 of Appendix D of this section.

801.D.1007 Compliancewith Environmental and Health Protection Regulations. Nothingin 801.D.1001,
801.D.1002,801.D.1003,801.D.1004, 801.D.1005, or 801.D.1006 relievesthe licenseefromcomplying
withother gpplicable Federa, State and |ocal regulations governing any other toxic or hazardous properties
of materids that may be disposed of to 801.D.1001, 801.D.1002, 801.D.1003, 801.D.1004,
801.D.1005, or 801.D.1006.

RECORDS

801.D.1101 Generad Provisions.

(&) Each licensee or regigrant shdl use the specia units curie, rad, rem and roentgen, or the Sl units
becquerd, gray, severt and coulomb per kilogram, including multiples and subdivisons, and shdl clearly
indicate the units of al quantities on records required by this section.

(b) Intherecords required by this section, the licensee may record quantities in Sl units in parentheses
fallowing each of the unitsspecified in801.D.1101(a). However, dl quantities must be recorded as stated
in 801.D.1101(a).

() Not withgtanding the requirements of 801.D.1101(a), when recording information on shipment
manifests asrequired in801.D.1006(b), informationmust be recorded inthe Internationd Systemof Units
(9) orin S and units as specified in 801.D.1101(a).

(d) Thelicensee or regigtrant shal make a clear digtinction among the quantities entered on the records
required by this section, suchas, totd effective dose equivaent, total organ dose equivaent, shalow dose
equivaent, lens dose equivaent, deep dose equivaent, or committed effective dose equivalent.

801.D.1102 Records of Radiation Protection Programs.

(a) Each licensee or registrant shal maintain records of the radiation protection program, including:

(1) theprovisons of the program; and
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(2) auditsand other reviews of program content and implementation.
(b) The licensee or registrant shdl retain the records required by 801.D.1102(a)(1) until the Agency
terminates each pertinent license or registration requiring the record. The licensee or registrant shall retain
the records required by 801.D.1102(a)(2) for 3 years after the record is made.

801.D.1103 Records of Surveys.

(8) Each licensee or regigrant shdl maintain records showing the results of surveys and cdibrations
required by 801.D.501 and 801.D.906(b). Thelicenseeor registrant shdl retain theserecordsfor 3 years
after the record is made.

(b) The licensee or registrant shdl retain each of the following records until the Agency terminates each
pertinent license or registration requiring the record:

(1) recordsof the resultsof surveysto determine the dose from externa sources of radiationused,
inthe absence of or incombinationwith individud monitoring data, inthe assessment of individua dose
equivaents, and

(2) recordsof the results of measurementsand calculations used to determine individua intakes of
radioactive materiad and used in the assessment of interna dose; and

(3) records showing the results of ar sampling, surveys, and bioassays required pursuant to
801.D.703(a)(3)(i) and (ii); and

(4) records of the results of measurements and caculations used to evauate the release of
radioactive effluents to the environment.

801.D.1104 Records of Tedts for Leakage or Contamination of Sealed Sources. Records of tests for
leakage or contamination of sedled sourcesrequired by 801.D.401 shal be kept in units of microcurie or
becquerel and maintained for ingpection by the Agency for 5 years after the records are made.

801.D.1105 Records of Prior Occupationa Dose. The licensee or registrant shdl retain the records of
prior occupationa dose and exposure history as specified in 801.D.205 on Agency Form RH-4 or
equivdent until the Agency terminates each pertinent license or registration requiring this record. The
licensee or registrant shal retain records used in preparing Agency Form RH-4 or equivadent for 3 years
after the record is made.

801.D.1106 Records of Planned Specia Exposures.

(&) For each use of the provisons of 801.D.206 for planned specid exposures, the licensee or registrant
shdl maintain records that describe:

(1) theexceptiond circumstances requiring the use of a planned specia exposure; and
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(2) thename of the management officid who authorized the planned specid exposure and a copy
of the sgned authorization; and

(3) what actions were necessary; and

(4) why the actions were necessary; and

(5) what precautions were taken to assure that doses were maintained ALARA; and
(6) what individua and collective doses were expected to result; and

(7) thedosesactudly received in the planned specid exposure.

(b) The licensee or regigtrant shdl retainthe records until the Agency terminates each pertinent license or
registration requiring these records.

801.D.1107 Records of Individual Monitoring Results.

(8 Recordkesping Requirement. Each licensee or registrant shal maintain records of doses received by
dl individuds for whom monitoring was required pursuant to 801.D.502, and records of doses received
during planned specia exposures, accidents, and emergency conditions. Assessments of dose equivaent
and records made usng unitsin effect before the effective date of this sectionneed not be changed. These
records shall include, when gpplicable:

(1) thedeep dose equivdent to the whole body, lens dose equivaent, shallow dose equivaent to
the skin, and shalow dose equivaent to the extremities, and

(2) theedtimated intake of radionuclides, see 801.D.202; and
(3) the committed effective dose equivaent assgned to the intake of radionuclides; and

(4) the spedific information used to cdculate the committed effective dose equivaent pursuant to
801.D.204(a) and (c); and

(5) thetotd effective dose equivaent when required by 801.D.202; and

(6) thetotd of the deep dose equivdent and the committed dose to the organ receiving the highest
total dose.

(b) Recordkeeping Frequency. The licensee or regisirant shall make entries of the records specified in
801.D.1107(a) at intervals not to exceed 1 year.

D-35



(c) Recordkeeping Format. The licensee or regigrant shdl maintain the records specified in
801.D.1107(a) on Agency Form RH-6, in accordance with the instructions for Agency Form RH-6, or
in dear and legible records containing al the information required by Agency Form RH-6.

(d) The licensee or regigrant shdl mantain the records of dose equivdent to an embryo/fetus with the
records of dose equivalent to the declared pregnant woman. The declaration of pregnancy, including the
estimated date of conception, shal adso be kept on file, but may be maintained separately from the dose
records.

(e) The licensee or regidrant shdl retain each required form or record until the Agency terminates each
pertinent license or registration requiring the record.

801.D.1108 Records of Dose to Individua Members of the Public.

(a) Each licensee or regigrant shdl maintain records sufficient to demonstrate compliance with the dose
limit for individua members of the public. See 801.D.301.

(b) The licensee or regigrant shdl retain the records required by 801.D.1108(a) until the Agency
terminates each pertinent license or registration requiring the record.

801.D.1109 Records of Waste Disposal.

(8 Eachlicenseeshdl mantain recordsof the disposal of licensed materid smade pursuant to 801.D.1002,
801.D.1003, 801.D.1004, 801.D.1005, Section N of these regulations, and disposal by burid in sail,
including burids authorized before May 9, 1986. ’

(b) The licensee Sdl retain the records required by 801.D.1109(a) until the Agency terminates each
pertinent license requiring the record.

801.D.1110 Records of Teding Entry Contral Devicesfor Very High Radiation Aress.

(&) Eachlicensee or registrant shal maintainrecords of tests made pursuant to 801.D.603(b)(9) on entry
control devicesfor very highradiationareas. Theserecords must include the date, time, and resultsof each
such test of function.

(b) The licensee or registrant shall retain the records required by 801.D.1110(a) for 3 years after the
record is made.

801.D.1111 Form of Records. Each record required by this section shal be legible throughout the
specified retention period. The record shdl be the origind or a reproduced copy or amicroform, provided
that the copy or microform is authenticated by authorized personnel and that the microform is capable of

7 A previous 801.D.304 permitted buria of amdl quantities of licensed maerids in soil before
May 9, 1986, without specific Agency authorization.
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producing a clear copy throughout the required retention period or the record may aso be stored in
electronic media with the cgpability for producing legible, accurate, and complete records during the
required retention period. Records, suchas|etters, drawings, and specifications, shdl include al pertinent
information, such as stamps, initids and sgnatures. The licensee or registrant shal maintain adequate
safeguards againgt tampering with and loss of records.

REPORTS

801.D.1201 Reports of Stolen, Lost, or Missing Licensed or Registered Sources of Radiation

(a) Telephone Reports. Each licensee or regigtrant shdl report to the Agency by telephone as follows:

(1) immediatdy after itsoccurrence becomes known tothe licensee, golen, lost, or missng licensed
radioactive materid inan aggregate quantity equal to or greater than 1,000 timesthe quantity specified
in Appendix C of this sectionunder suchcircumstancesthat it appearsto the licensee that an exposure
could result to individuds in unrestricted aress; or

(2) within 30 days after its occurrence becomes known to the licensee, logt, stolen, or missing
licensed radioactive materid in an aggregate quantity greater than 10 times the quantity specified in
Appendix C of this section that is gtill missing; or

(3) immediatdy after its occurrence becomes known to the registrant, a solen, lost, or missing
radiation machine,

(b) Written Reports. Each licensee or regigtrant required to make areport pursuant to 801.D.1201(a)
shal, within 30 days after making the telephone report, make a written report to the Agency setting forth
the following information:

(1) adescriptionof the licensed or registered source of radiationinvolved, induding, for radioactive
materid, the kind, quantity, and chemicad and physica form; and, for radiation machines, the
manufacturer, modd and serid number, type and maximum energy of radiation emitted;

(2) adescription of the circumstances under which the loss or theft occurred; and

(3) a daement of dispogtion, or probable digpostion, of the licensed or registered source of
radiation involved; and

(4) exposuresof individuds to radiation, circumstances under which the exposures occurred, and
the possible tota effective dose equivaent to personsin unrestricted aress, and

(5) actionsthat have been taken, or will be taken, to recover the source of radiation; and

(6) procedures or measures that have been, or will be, adopted to ensure againgt a recurrence of
the loss or theft of licensed or registered sources of radiation.
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(c) Subsequent to filing the writtenreport, the licensee or registrant shall also report additiond substantive
information on the loss or theft within 30 days after the licensee or regisirant learns of such information.

(d) Thelicensee or regigtrant shdl prepare any report filed with the Agency pursuant to 801.D.1201 so
that names of individuds who may have received exposure to radiation are stated in a separate and
detachable portion of the report.

801.D.1202 Noatification of Incidents.

(& Immediate Natification Notwithstanding other requirementsfor notification, each licenseeor registrant
shdl immediately report each event involving a source of radiation possessed by the licensee or registrant
that may have caused or threatens to cause any of the following conditions:

(1) Anindividud to receve
(i) atotd effective dose equivaent of 25 rems (0.25 Severt) or more; or
(i) alensdose equivalent of 75 rems (0.75 sSevert) or more; or

(i)  ashdlow dose equivadent to the skin or extremities or a total organ dose equivadent of
250 rads (2.5 grays) or more; or

(2) The release of radioactive materia, insde or outside of a restricted area, so that, had an
individud been present for 24 hours, the individud could have received an intake five times the
occupational ALI. This provison does not apply to locations where personnel are not normally
stationed during routine operations, such as hot-cells or process enclosures.

(b) Twenty-Four Hour Notification Eachlicenseeor registrant shdl, within 24 hours of discovery of the
event, report to the Agency each event involving loss of control of a licensed or registered source of
radiation possessed by the licensee or regigtrant that may have caused, or threatens to cause, any of the
following conditions:

(1) Anindividud to receive, in aperiod of 24 hours:
(i) atotd effective dose equivaent exceeding 5 rems (0.05 Sievert); or
(i) alensdose equivaent exceeding 15 rems (0.15 Severt); or

(i)  ashdlow dose equivdent to the skin or extremities or a total organ dose equivalent
exceeding 50 rems (0.5 severt) ; or

(2) The release of radioactive materid, insde or outside of a restricted area, so that, had an
individua been present for 24 hours, the individua could have received an intake in excess of one
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occupational ALI. This provison does not gpply to locations where personnel are not normaly
stationed during routine operations, such as hot-cells or process enclosures.

(¢) Thelicensee or regigtrant shdl prepare each report filed with the Agency pursuant to 801.D.1202 so
that names of individuas who have received exposure to sources of radiation are Stated in a separate and
detachable portion of the report.

(d) Licenseesor registrants shal make the reports required by 801.D.1202(a) and (b) to the Agency by
telephone, or facamile to the Agency.

(e) The provisons of 801.D.1202 do not apply to doses that result from planned specia exposures,
provided such doses are within the limits for planned specia exposures and are reported pursuant to
801.D.1204.

801.D.1203 Reports of Exposures, Radiation Levels, and Concentrations of Radioactive Materia
Exceaeding the Congraints or Limits.

(8 Reportable Events. Inadditionto the natificationrequired by 801.D.1202, each licensee or regisirant
shdl submit awritten report within 30 days after learning of any of the following occurrences:

(1) incidentsfor which notification is required by 801.D.1202; or
(2) dosesinexcessof any of thefollowing:
(i) theoccupationd dose limitsfor adultsin 801.D.201; or
(i)  the occupationa dose limitsfor aminor in 801.D.207; or
@)  thelimitsfor an embryo/fetus of a declared pregnant woman in 801.D.208; or
(iv) thelimitsfor anindividuad member of the public in 801.D.301; or
(v) any applicablelimit in the license or regidration; or
(vi) the ALARA congtraintsfor air emissions established under 801.D.101(d); or
(3) levesof radiation or concentrations of radioactive materid in:
(i) aredricted areain excess of gpplicable limitsin the license or regidtration; or
(i) an unredricted area in excess of 10 times the applicable limit set forth in this section or

inthe license or regidration, whether or not invalving exposure of any individua inexcess
of the limitsin 801.D.301; or
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(4) For licensees subject to the provisons of U.S. Environmentd Protection Agency's generdly
goplicable environmentd radiation standards in 40 CFR 190, levels of radiation or releases of
radioactive materia in excess of those standards, or of license conditions related to those standards.

(b) Contents of Reports.

(1) Eachreport required by 801.D.1203(a) shal describe the extent of exposure of individuals to
radiation and radioactive materid, including, as gppropriate:

() edtimatesof eachindividud's dose; and
(i) thelevesof radiaion and concentrations of radioactive materid involved; and
(i)  the cause of the elevated exposures, dose rates, or concentrations, and

(iv) corrective steps taken or planned to ensure againgt a recurrence, including the schedule
for achieving conformance with applicable limits, ALARA condraints, generaly
gpplicable environmenta standards, and associated license or regigtration conditions.

(2) Eachreport filed pursuant to 801.D.1203(a) shdl indudefor each occupationaly overexposed
individud: the name, Socid Security account number, and date of birth. With respect to the limit for
the embryo/fetusin 801.D.208, the identifiers should bethose of the declared pregnant woman. The
report shal be prepared so that thisinformation is stated in a separate and detachable portion of the

report.

(©) All licensees or regigtrants who make reports pursuant to 801.D.1203(a) shdl submit the report in
writing to the Agency.

801.D.1204 Reportsof Planned Specia Exposures. Thelicenseeor registrant shal submit awritten report
to the Agency within 30 days following any planned special exposure conducted in accordance with
801.D.206, informing the Agency that a planned specia exposure was conducted and indicating the date
the planned specia exposure occurred and the information required by 801.D.1106.

801.D.1205 Reportsto Individualsof Exceeding DoseLimits. When alicensee is required, pursuant to
the provisons of 801.D.1203 or 1204, to report tothe Agency any exposureof an identified occupationdly
exposed individud, or an identified member of the public, to radiationor radioactive materid, the licensee
ghdl aso provide a copy of the report submitted to the Agency to the individud. This report must be
trangmitted at atime no later than the tranamittal to the Agency.

801.D.1206 Reserved.

801.D.1207 Natifications and Reportsto Individuals.
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(8 Requirementsfor natificationand reportsto individuas of exposureto radiationor radioactive materia
are specified in 801.J.13 of these regulations.

(b) Whenalicenseeor registrant isrequired pursuant to 801.D.1203 to report to the Agency any exposure
of anindividud to radiationor radioactive materid, the licensee or regigrant shdl aso natify the individud.
Such notice shal be tranamitted at atime not later thanthe tranamitta to the Agency, and shdl comply with
the provisons of 801.J.13(a) of these regulations.

801.D.1208 Reportsof Leaking or Contaminated Sealed Sources. The licensee shdl file areport within
5 days with the Agency if the test for |eakage or contamination required pursuant to 801.D.401 indicates
aseded sourceislesking or contaminated. The report shall include the equipment involved, thetest results
and the corrective action taken.

ADDITIONAL REQUIREMENTS

801.D.1301 Vecating Premises. Each licensee or registrant shal, no less than 30 days before vacating
or rdinquishing possession or control of premises which may have been contaminated with radioactive
materid as a result of his activities, notify the Agency in writing of intent to vacate. When deemed
necessary by the Agency, the licensee shal decontaminate the premises in such a manner as the Agency

may specify.
Radiological Criteriafor License Termination

801.D.1401 General Provisions and Scope.

(@ The criteriain this section gpply to the decommissoning of fadilitieslicensed under Section C of these
regulations.

(b) After asite has been decommissoned and the license terminated in accordance with the criteriain this
section, the Agency will require additiona cleanup only if, based onnew information, it determinesthat the
criteria of this sectionwere not met and residud radioactivity remaining a the site could result inSgnificant
threet to public hedth and safety.

(90 When cdculating TEDE to the average member of the critica group the licensee shdl determine the
pesk annua TEDE dose expected within the first 1000 years after decommissioning.

801.D.1402 Radiologica Criteria for Unredricted Use. A site will be considered acceptable for
unrestricted useif the residud radioactivity that is digtinguishable from background radiation resultsin a
TEDE to an average member of the critical group that does not exceed 25 mrem (0.25 mSv) per yesr,
induding that fromgroundwater sources of drinking water, and the residual radioactivity has been reduced
to levelsthat are aslowasreasonably achievable (ALARA). Determinationof the levdswhichare ALARA
must take into account consideration of any detriments, such as deaths from transportation accidents,
expected to potentialy result from decontamination and waste disposa.
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801.D.1403 Criteria for License Termination Under Redtricted Conditions. A sSite will be consdered
acceptable for license termination under restricted conditionsiif:

(& The licensee candemondtrate that further reductionsin resdua radioactivity necessary to comply with
the provisons of 801.D.1402 would result in net public or environmenta harm or were not being made
because the resdud levels associated with restricted conditions are ALARA. Determination of the levels
which are ALARA mug take into account consideration of any detriments, such as traffic accidents,
expected to potentialy result from decontamination and waste digposd;

(b) The licensee has made provisions for legdly enforcesble indtitutiona controls that provide reasonable
assurance that the TEDE from resdud radioactivity distinguishable from background to the average
member of the critical group will not exceed 25 mrem (0.25 mSv) per year;

(©) The licensee has provided sufficient financid assurance to enable an independent third party, including
agovernmenta custodian of adte, to assume and carry out responsibilities for any necessary control and
maintenance of the ste. Acceptable financia assurance mechanisms are:

(1) fundsplaced into an account segregated from the licensee's assets and outside the licensee's
adminigtrative control as described in 801.C.25(g)(6)(i) of these regulations,

(2) surety method, insurance, or other guarantee method as describedin801.C.25(g)(6)(ii) of these
regulations;

(3) adatement of intent in the case of Federa, State, or local Government licensees, as described
in 801.C.25(qg)(6)(iv) of these regulations; or

(4) when a governmentd entity is assuming custody and ownership of asite, an arrangement that
is deemed acceptable by such governmentd entity.

(d) The licensee has submitted adecommissoning planor License TerminationPlan (L TP) to the Agency
indicating the licensegsintent to decommission in accordance with 801.C.32(d) of these regulations, and
specifying that the licensee intends to decommission by redtricting use of the Ste. The licensee shdl
document in the LTP or decommissoning plan how the advice of individuds and ingtitutions in the
community who may be affected by the decommissoning has been sought and incorporated, as
gopropriate, following analyss of that advice.

(1) Licensees proposing to decommission by redtricting use of the Site shall seek advice from such
affected parties regarding the following matters concerning the proposed decommissioning:

0] whether provisons for ingtitutional controls proposed by the licensee;
(@  will provide reasonable assurance that the TEDE from residua radioactivity

distinguishable from background to the average member of the critical group will
not exceed 25 mrem (0.25 mSv) TEDE per year;
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(i)

(b)  will be enforceable; and
(©  will not impose undue burdens on the loca community or other affected parties.
whether the licensee has provided suffident financid assurance to enable an independent

third party, induding a governmental custodian of a dte, to assume and carry out
respongbilities for any necessary control and maintenance of the site;

(2)  Inseeking advice on the issuesidentified in 801.D.1403(d)(1), the licensee shall provide for:

0]

participationby representatives of a broad cross section of community interestswho may
be affected by the decommissioning;

anopportunityfor acomprehensive, collective discussiononthe issuesby the participants
represented; and

apublidly avalable summary of the results of dl suchdiscussions, induding adescription
of theindividua viewpoints of the participants on the issuesand the extent of agreement
and disagreement among the participants on the issues; and

(e) Resdud radioactivity at the Site has been reduced so that if the indtitutiona controls wereno longer in
effect, there is reasonable assurance that the TEDE from resdua radioactivity distinguishable from
background to the average member of the critica group isaslow as reasonably achievable and would not

exceed gther:

(1) 100 mrem (1 mSv) per year; or

(2) 500 mrem (5 mSv) per year provided the licensee:

0]

demongtratesthat further reductions inresidud radioactivity necessary to comply withthe
100 mrem/y (1 mSvly) vaue of 801.D.1403 (€)(1) of this section are not technicaly
achievable, would be prohibitively expensive, or would result in net public or
environmenta harm;

makes provisons for durable inditutiona controls;

provides sufficient financid assurance to enable a responsible government entity or
independent third party, induding a governmental custodian of a Site, both to carry out
periodic rechecks of the Ste no less frequently than every 5 years to assure that the
inditutiona controls remain in place as necessary to meet the criteriaof 801.D.1403(b)
and to assume and carry out responsibilities for any necessary control and maintenance
of those controls. Acceptable financial assurance mechanisms are those in
801.D.1403(c).
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801.D.1404 Alternate Criteriafor License Termination.

(& The Agency may terminate a license udng dternate criteria greater than the dose criterion of
801.D.1402, 801.D.1403(b), and 801.D.1403(d)(1)(i)(a), if the licensee:

(1) provides assurance that public health and safety would continue to be protected, and that it is
unlikely that the dose from al man-made sources combined, other than medical, would be more than
the 1 mSv/y (100 mrem/y) limit of Section D, by submitting an andyd's of possible sourcesof exposure;

(2) has employed to the extent practical restrictions on site use according to the provisions of
801.D.1403 in minimizing exposures a the Site;

(3) reduces doses to ALARA levels, taking into condderation any detriments such as traffic
accidents expected to potentialy result from decontamination and waste disposd; and

(4) has submitted a decommissioning plan or License Termination Plan (LTP) to the Agency
indicating the licenseg's intent to decommission in accordance with 801.C.32(d) of these regulations,
and specifying that thelicenseeproposesto decommission by use of dternate criteria. The licensee shdll
document in the decommissioning plan or LTP how the advice of individuds and indtitutions in the
community who may be affected by the decommissioning has been sought and addressed, as
gopropriate, following analyss of that advice. In seeking such advice, the licensee shdl provide for:

(i)  participationby representatives of abroad cross section of community interestswho may
be affected by the decommissioning;

(i)  anopportunityforacomprehensive, collective discussononthe issuesby the participants
represented; and

(i)  apublicly avalable summary of the resultsof al such discussions, including a description
of theindividud viewpoints of the participants on the issues and the extent of agreement
and disagreement among the participants on the issues.

(b) The use of dternate criteria to terminate a license requires the approva of the Agency after
cons deration of the Agency staff's recommendations that will address any commentsprovided by Federal
and other State Agencies and any public comments submitted pursuant to 801.D.1405.

801.D.1405 Public Natification and Public Participation.

Upon the receipt of an LTP or decommissioning plan from the licensee, or a proposa by the licensee for
release of asitepursuant to 801.D.1403 or 801.D.1404, or whenever the Agency deems such notice to
be in the public interest, the Agency shall:

(& Notify and solicit comments from:
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(1) locd and State governmentsinthe vidnity of the Steand other individuas that could be affected
by the decommissioning; and

(2) theMissssppi Department of Environmenta Qudity for cases where the licensee proposes to
release aSte pursuant to 801.D.1404.

(b) Publishancticeinloca newspapers, |etters to State or local organizations, or other appropriate forum,
that is readily accessble to individuds in the vicinity of the Site, and soliait commentsfromaffected parties.

801.D.1406 Minimization of Contamineation

Applicants for licenses, other than renewals, after the effective date of these regulations, shal describein
the gpplication how fadility desgn and procedures for operation will minimize, to the extent practicable,
contamination of the fadility and the environment, facilitate eventual decommissoning, and minimize, to the
extent practicable, the generation of radioactive waste.
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PART 801

SECTION D

APPENDIX A

PROTECTION FACTORS FOR RESPIRATORS!

Operating mode Assigned Protection Factors
I. Air Purifying Respirators [Particulate 2 only] @
Filtering facepiece disposable! Negative Pressure *
Facepiece, half Negative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air-purifying respirators 50
Facepiece, full Powered air-purifying respirators 1000
Helmet/hood Powered air-purifying respirators 1000
Facepiece, loose-fitting Powered air-purifying respirators 25
1. Atmosphere supplying respirators
[particulate, gasses and vapors 9:
1. Air-linerespirators:
Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
Helmet/hood Continuous Flow 1000
Facepiece, loose-fitting Continuous Flow 25
Suit Continuous Flow @)
2. Self-contained breathing Apparatus (SCBA):
Facepiece, full Demand 8100
Facepiece, full Pressure Demand 10,000
Facepiece, full Demand, Recirculating 8100
Facepiece, full Positive Pressure Recirculating 10,000

I11. Combination Respirators:

Any combination of air-purifying and
atmosphere-supplying respirators

(1) Assigned protection factor for type and mode
of operation as listed above.
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FOOTNOTES

(1) These assigned protection factors apply only in a respiratory protection program that meets the requirements of
this section. They are applicable only to airborne radiological hazards and may not be appropriate to circumstances
when chemical or other respiratory hazards exist instead of, or in addition to, radioactive hazards. Selection and use
of respirators for such circumstances must also comply with Department of Labor regulations.

Radioactive contaminants for which the concentration values in Table 1, Column 3 of Appendix B to Section D are
based on internal dose due to inhdation may, in addition, present external exposure hazards at higher concentrations.
Under these circumstances, limitations on occupancy may have to be governed by externa dose limits.

(2) Air purifying respirators with APF <100 must be equipped with particulate filters that are at least 95 percent
efficient. Air purifying respirators with APF = 100 must be equipped with particulate filters that are at least 99 percent
efficient. Air purifying respirators with APFs >100 must be equipped with particulate filters that are at least 99.97
percent efficient.

(3) The licensee may apply to the Agency for the use of an APF greater than 1 for sorbent cartridges as protection
against airborne radioactive gases and vapors (e.g., radioioding).

(4) Licensees may permit individuals to use this type of respirator who have not been medically screened or fit tested
on the device provided that no credit be taken for their use in estimating intake or dose. It is also recognized that it
is difficult to perform an effective positive or negative pressure pre-use user seal check on this type of device. All
other respiratory protection program requirements listed in 801.D.703 apply. An assigned protection factor has not
been assigned for these devices. However, an APF equal to 10 may be used if the licensee can demonstrate a fit
factor of at least 100 by use of avalidated or evaluated, qualitative or quantitative fit test.

(5) Under-chin type only. No distinction is made in this Appendix between elastomeric half-masks with replaceable
cartridges and those designed with the filter medium as an integral part of the facepiece (e.g., disposable or reusable
disposable). Both types are acceptable so long as the seal area of the latter contains some substantial type of
seal-enhancing material such as rubber or plastic, the two or more suspension straps are adjustable, the filter medium
is at least 95 percent efficient and all other requirements of this section are met.

(6) The assigned protection factors for gases and vapors are not applicable to radioactive contaminants that present
an absorption or submersion hazard. For tritium oxide vapor, approximately one-third of the intake occurs by
absorption through the skin so that an overdl protection factor of 3 is appropriate when atmosphere-supplying
respirators are used to protect against tritium oxide. Exposure to radioactive noble gases is hot considered a significant
respiratory hazard, and protective actions for these contaminants should be based on external (submersion) dose
considerations.

(7) No NIOSH approval schedule is currently available for atmosphere supplying suits. This equipment may be used
in an acceptable respiratory protection program as long as dl the other minimum program requirements, with the
exception of fit testing, are met.
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(8) The licensee should implement institutional controls to assure that these devices are not used in areas immediately
dangerous to life or health (IDLH).

(9) This type of respirator may be used as an emergency device in unknown concentrations for protection against
inhalation hazards. External radiation hazards and other limitations to permitted exposure such as skin absorption shall
be taken into account in these circumstances. This device may not be used by any individual who experiences
perceptible outward leakage of breathing gas while wearing the device.
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PART 801
SECTION D

APPENDIX B

ANNUAL LIMITSON INTAKE (ALIs) AND DERIVED AIR CONCENTRATIONS
(DACs) OF RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT
CONCENTRATIONS, CONCENTRATIONSFOR RELEASE TO SANITARY

SEWERAGE

Introduction

For each radionuclide, Table | indicates the chemica form which isto be used for selecting the gppropriate
ALl or DAC vdue. The ALIs and DACs for inhaation are given for an aerosol with an activity median
aerodynamic diameter (AMAD) of 1 um, micron, and for three classes (D,W,Y)) of radioactive materid, whichrefer
to thar retention (gpproximately days, weeks or years) in the pulmonary region of the lung. This classfication
appliesto arange of clearance hdf-timesfor D if lessthan 10 days, for W from10to 100 days, and for Y greater
than 100 days. Table Il provides concentration limits for airborne and liquid effluents released to the genera
environment. Table 111 provides concentration limits for discharges to sanitary sawerage.

Note:

ThevduesinTablesl, 11, and 111 are presented inthe computer "E" notetion. Inthis notationavaue of 6E-02
represents avalue of 6 x 1072 or 0.06, 6E+2 represents 6 x 10? or 600, and 6E+0 represents 6 x 10° or 6.

Table| "Occupationa Vaues'

Note that the columns in Table | of this gppendix captioned "Oral Ingestion ALI," "Inhdation ALI," and
"DAC," are gpplicable to occupationa exposure to radioactive materid.

The ALIsinthis gppendix arethe annud intakes of givenradionuclide by "Reference Man" whichwould result
inether (1) acommitted effective dose equivdent of 5 rems (0.05 s evert), sochagtic AL, or (2) acommitted dose
equivaent of 50 rems (0.5 Severt) to an organ or tissue, non-stochastic ALI. The stochastic ALIs were derived
to result in arisk, due to irradiation of organs and tissues, comparable to the risk associated with deep dose
equivdent to the whole body of 5 rems (0.05 severt). The derivation includes multiplying the committed dose
equivaent to an organ or tissue by aweighting factor, wy. This weighting factor is the proportion of the risk of
Sochastic effects resulting from irradiation of the organ or tissue, T, to the totdl risk of stochadtic effectswhenthe
whole body isirradiated uniformly. Thevauesof wy are listed under the definition of weighting factor in801.D.3.
The non-stochastic ALIs were derived to avoid non-stochagtic effects, such as prompt damage to tissue or
reduction in organ function.

A vaue of wy = 0.06 is applicable to each of the five organs or tissues in the "remainder” category recaiving
the highest dose equivaents, and the dose equivadents of dl other remaining tissues may be disregarded. The
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following portions of the Gl tract -- ssomach, smdll intestine, upper large intestine, and lower large intestine -- are
to be treated as four separate organs.

Note that the dose equivaentsfor an extremity, skin and lens of the eye are not considered in computing the
committed effective dose equivaent, but are subject to limits that must be met separately.

When an ALI isdefined by the stochastic dose limit, this value done is given. When an ALI is determined
by the non-stochastic dose limit to an organ, the organ or tissue to which the limit appliesis shown, and the ALI
for the stochadtic limit is shown in parentheses. Abbreviated organ or tissue designations are used:

LLI wdl = lower large intestine wall;
<. wal = somach wall;
Blad wdl = bladder wall; and
Bone surf = bone surface.

The use of the ALIs ligted firgt, the more limiting of the stochastic and non-stochastic ALIs, will ensure that
non-stochastic effects are avoided and that therisk of stochadtic effectsis limited to an acceptably low vaue. If,
in a particular situation involving a radionuclide for which the non-stochastic ALI is limiting, use of that non-
gochastic AL iscons dered unduly conservative, the licensee may use the stochastic AL | to determine the commit-
ted effective dose equivaent. However, thelicensee shall dso ensurethat the 50 rems (0.5 Sievert) dose equiva ent
limit for any organ or tissue is not exceeded by the sum of the externa deep dose equivaent plus the interna
committed dose equivdent to that organ, not the effective dose. For the case where there is no externa dose
contribution, this would be demonstrated if the sum of thefractions of the nonstochastic ALIS(ALLI,,) that contribute
to the committed dose equivaent to the organ receiving the highest dose does not exceed unity, thet is,

Z (intake (in uCi) of each radionudlide/ALl,s) <= 1.0. If thereisan externa deep dose equivaent contribution
of Hy, then this sum must be lessthan 1 - (Hy/50), instead of <= 1.0.

Note that the dose equivaents for an extremity, skin, and lens of the eye are not considered in
computing the committed effective dose equivadent, but are subject to limits that must be met

separately.
The derived ar concentration (DAC) vaues are derived limits intended to control chronic occupationa
exposures. The relaionship between the DAC and the ALI isgiven by:
DAC = ALI(in uCi)/(2000 hours per working year x 60 minutes’hour x

2 x 10* ml per minute) = [ALI/2.4 x 10°] uCi/ml,

where 2 x 10* ml isthe volume of air breathed per minute at work by Reference Man under working condiitions
of light work.
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The DAC vduesreate to one of two modes of exposure: ether external submersionor the internal committed
doseequivaentsresulting frominhaationof radioactive materids. DA Csbased upon submersion areforimmersion
in asemi-infinite cloud of uniform concentration and apply to each radionuclide separately.

The ALI and DAC vaues include contributions to exposure by the sngle radionuclide named and any in-
growth of daughter radionuclides produced inthe body by decay of the parent. However, intakesthat include both
the parent and daughter radionuclides should be treated by the general method appropriate for mixtures.

Thevaues of ALI and DAC do not apply directly whenthe individua bothingestsand inhalesa radionuclide,
when the individua is exposed to a mixture of radionuclides by ether inhadation or ingestion or both, or when the
individua is exposed to both internd and externd irradiation. See 801.D.202. When an individua is exposed to
radioactive materids which fal under saverd of the trand ocation classifications of the same radionuclide, such as,
ClassD, ClassW, or Class Y, the exposure may be evaluated asif it were amixture of different radionuclides.

It should be noted that the classification of a compound as ClassD, W, or Y is based on the chemica form
of the compound and does not take into account the radiologica hdf-life of different radionuclides. For thisreason,
vaues are given for Class D, W, and Y compounds, even for very short-lived radionuclides.

Tablell "Effluent Concentrations'

The columns in Table I1 of this appendix captioned "Effluents” "Air" and "Water" are applicable to the
assessment and control of dose to the public, particularly in the implementation of the provisions of 801.D.302.
The concentration values given in Columns 1 and 2 of Table |1 are eguivaent to the radionuclide concentrations
which, if inhaded or ingested continuoudy over the course of ayear, would produce atotal effective dose equivdent
of 0.05 rem (0.5 millisevert).

Cong derationof non-stochadtic limitshas not beenincudedinderivingthear and water effluent concentration
limits because non-stochagtic effects are presumed not to occur at or below the dose levels established for
individuad members of the public. For radionuclides, where the non-stochadtic limit was governing in deriving the
occupational DAC, the stochastic ALI was used in deriving the corresponding arborne effluent limit in Table 1.
For this reason, the DAC and airborne effluent limits are not ways proportiona as was the case in the previous
Appendix A of Section D.

The ar concentration vaues listed in Table 11, Column 1 were derived by one of two methods. For those
radionuclidesfor whichthe stochadtic limit is governing, the occupeationa stochadtic inhalation ALI was divided by
2.4 x 10°, rdating the inhalation AL to the DAC, as explained above, and then divided by afactor of 300. The
factor of 300 includes the fallowing components. a factor of 50 to relate the 5 rems (0.05 sievert) annua
occupationa dose limit to the 0.1 rem (1 millisevert) limit for members of the public, afactor of 3 to adjust for the
difference in exposure time and the inhalation rate for aworker and that for members of the public; and a factor
of 2 to adjust the occupational values, derived for adults, so that they are applicable to other age groups.

For those radionuclidesfor whichsubmersion, thatis external dose, islimiting, the occupational DAC inTable
I, Column 3was divided by 219. The factor of 219 is composed of a factor of 50, as described above, and a
factor of 4.38 rdaing occupational exposurefor 2,000 hours per year to full-time exposure (8,760 hoursper year).
Note that an additiona factor of 2 for age congderations is not warranted in the submersion case.
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The water concentrations were derived by taking the most restrictive occupational stochastic ord ingestion
AL and dividing by 7.3 x 10°. The factor of 7.3 x 10’ (ml) includesthe following components. the factors of 50
and 2 described above and afactor of 7.3 x 10° (ml) which is the annua water intake of Reference Man.

Note 2 of this appendix provides groupings of radionuclides which are gpplicable to unknown mixtures of
radionuclides. These groupings, including occupationd inhdation ALIs and DACs, ar and water effluent
concentrations and rel easesto sewer, requiredemondrating that the most limiting radionuclidesinsuccessive classes
areabsent. Thelimit for the unknown mixtureis defined when the presence of one of thelisted radionuclides cannot
be definitdy excluded asbeing present ether fromknowledge of the radionuclide compositionof the source or from
actud measurements.

Tablelll "Releases to Sewers'

The monthly average concentrations for release to sanitary sewerage are gpplicable to the provisions in
801.D.1003. The concentration values were derived by taking the most redtrictive occupationa stochastic ora
ingestion AL I and dividing by 7.3 x 10° (ml). Thefactor of 7.3 x 10° (ml) iscomposed of afactor of 7.3 x 10° (ml),
the annud water intake by Reference Man, and a factor of 10, such that the concentrations, if the sewage released
by the licensee were the only source of water ingested by a Reference Man during a year, would result in a
committed effective dose equivdent of 0.5 rem (5 milliseverts).
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LIST OF ELEMENTS

Atomic Atomic

Name Symboal Number Name Symbol Number
Actinium Ac 89 Mercury Hg 80
Aluminum Al 13 Molybdenum Mo 42
Americium Am 95 Neodymium Nd 60
Antimony S] 51 Neptunium Np 93
Argon Ar 18 Nickel Ni 28
Arsenic As 33 Niobium Nb 41
Astatine At 85 Osmium Os 76
Barium Ba 56 Palladium Pd 46
Berkelium Bk 97 Phosphorus P 15
Beryllium Be 4 Platinum Pt 78
Bismuth Bi 83 Plutonium Pu 94
Bromine Br 35 Polonium Po 84
Cadmium Cd 48 Potassium K 19
Cacium Ca 20 Praseodymium Pr 59
Cdlifornium Cf 98 Promethium Pm 61
Carbon C 6 Protactinium Pa 91
Cerium Ce 58 Radium Ra 88
Cesium Cs 55 Radon Rn 86
Chlorine Cl 17 Rhenium Re 75
Chromium Cr 24 Rhodium Rh 45
Cobalt Co 27 Rubidium Rb 37
Copper Cu 29 Ruthenium Ru 44
Curium Cm 96 Samarium Sn 62
Dysprosium Dy 66 Scandium S 21
Einsteinium Es 99 Selenium Se 34
Erbium Er 68 Silicon S 14
Europium Eu 63 Silver Ag 47
Fermium Fm 100 Sodium Na 11
Fluorine F 9 Strontium S 38
Francium Fr 87 Sulfur S 16
Gadolinium Gd 64 Tantalum Ta 73
Gadlium Ga 31 Technetium Tc 43
Germanium Ge 32 Tellurium Te 52
Gold Au 79 Terbium Tb 65
Hafnium Hf 72 Thallium TI 81
Holmium Ho 67 Thorium Th 90
Hydrogen H 1 Thulium Tm 69
Indium In 49 Tin Sy 50
lodine | 53 Titanium Ti 22
Iridium Ir 7 Tungsten W 74
Iron Fe 26 Uranium U 92
Krypton Kr 36 Vanadium \% 23
Lanthanum La 57 Xenon Xe 54
Lead Pb 82 Ytterbium Yb 70
Lutetium Lu 71 Yttrium Y 39
Magnesium Mg 12 Zinc Zn 30
Manganese Mn 25 Zirconium Zr 40
Mendelevium Md 101
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Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
1 Hydr ogen- 3 Water, DAC includes skin
absorption 8E+4 8E+4 2E-5 1E-7 1E-3 1E-2
Gas (HT or T,) Subnersion!: Use above values as HT and T, oxidize in air and in the body to HTO
4 Beryllium?7 W all conpounds except 4E+4 2E+4 9E- 6 3E-8 6E- 4 6E-3
those given for Y
Y, oxides, halides, and
nitrates - 2E+4 8E- 6 3E-8 - -
4 Beryllium 10 W see "Be 1E+3 2E+2 6E-8 2E- 10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see "Be - 1E+1 6E-9 2E-11 - -
6 Car bon- 112 Monoxi de - 1E+6 5E-4 2E-6 - -
Di oxi de - 6E+5 3E-4 9E-7 - -
Conpounds 4E+5 4E+5 2E-4 6E-7 6E- 3 6E- 2
6 Car bon- 14 Monoxi de - 2E+6 7E-4 2E-6 - -
Di oxi de - 2E+5 9E-5 3E-7 - -
Conpounds 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
9 Fl uori ne- 182 D, fluorides of H Li,
Na, K, Rb, Cs, and Fr 5E+4 TE+4 3E-5 1E-7 - -
St wal |
(5E+4) - - - 7E-4 7E-3
W fluorides of Be, M,
Ca, Sr, Ba, Ra, A, Ga,
In, TI, As, Sb, Bi, Fe,
Ru, Gs, Co, Ni, Pd, Pt,
Cu, Ag, Au, Zn, Cd, Hg,
Sc, Y, Ti, Zr, V, Np,
Ta, M, Tc, and Re - 9E+4 4E-5 1E-7 - -
Y, lanthanum fl uoride - 8E+4 3E-5 1E-7 - -
11  Sodium 22 D, all conpounds 4E+2 6E+2 3E-7 9E- 10 6E- 6 6E-5
11  Sodium 24 D, all conpounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
12 Magnesium 28 D, all conpounds except
those given for W TE+2 2E+3 TE-7 2E-9 9E- 6 9E-5
W oxi des, hydroxides,
car bi des, halides, and
nitrates - 1E+3 5E-7 2E-9 - -
13 Al um num 26 D, all conpounds except
those given for W 4E+2 6E+1 3E-8 9E- 11 6E- 6 6E-5
W oxi des, hydroxides,
car bi des, halides, and
nitrates - 9E+1 4E- 8 1E- 10 - -
14 Silicon-31 D, all conpounds except
those given for Wand Y 9E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
W oxi des, hydroxides,
carbides, and nitrates - 3E+4 1E-5 5E-8 - -
Y, alumi nosilicate glass - 3E+4 1E-5 4E-8 - -
14 Silicon-32 D, see 3§ 2E+3 2E+2 1E-7 3E- 10 - -
LLI wal |
(3E+3) - - - 4E-5 4E- 4
W see 3Si - 1E+2 5E-8 2E- 10 - -
Y, see 3Si - 5E+0 2E-9 7E-12 - -

15 Phosphorus- 32 D, all conpounds except
phosphates given for W 6E+2 9E+2 4E-7 1E-9 9E- 6 9E-5
W phosphat es of Zn?*,
SS+’ 'vg2+’ Fe3+’ B| 3+’

and | ant hani des - 4E+2 2E-7 5E- 10 - -
15 Phosphor us- 33 D, see 32pP 6E+3 8E+3 4E- 6 1E-8 8E-5 8E- 4
W see 3?2P - 3E+3 1E-6 4E-9 - -
16  Sul fur-35 Vapor 1E+4 6E- 6 2E-8 - -
D, sulfides and sulfates
except those given for W 1E+4 2E+4 7E-6 2E-8 - -
LLI wall
(8E+3) - - - 1E-4 1E-3
W el enental sulfur, 6E+3

sul fides of Sr, Ba, GCe,

Sn, Pb, As, Sb, Bi, Cu,

Ag, Au, Zn, Cd, Hg, W and

Mb. Sulfates of Ca, Sr,

Ba, Ra, As, Sb, and Bi - 2E+3 9E-7 3E-9 - -

17 Chlorine-36 D, chlorides of H Li,
Na, K, Rb, Cs, and Fr 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4
W chlorides of |antha-
ni des, Be, My, Ca, Sr,

Ba, Ra, Al, Ga, In, T,
Ge, Sn, Pb, As, Sh, Bi,
Fe, Ru, Gs, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti,
Zr, H, V, Nb, Ta, Cr,
Mo, W M, Tc, and Re - 2E+2 1E-7 3E- 10 - -
17  Chlori ne-382 D, see 3%8C 2E+4 4E+4 2E-5 6E-8 - -
St wal |
(3E+4) - - - 3E-4 3E-3
W see 36 - 5E+4 2E-5 6E- 8 - -
17  Chlori ne-392 D, see 3%6C 2E+4 5E+4 2E-5 7E-8 - -
St wal |
(4E+4) - - - 5E-4 5E-3
W see 38C - 6E+4 2E-5 8E- 8 - -
18 Argon-37 Subner si ont - - 1E+0 6E-3 - -
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Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
18 Argon-39 Subner si ont - - 2E-4 8E-7 - -
18 Argon-41 Subner si on?t - - 3E-6 1E-8 - -
19 Pot assi um 40 D, all conpounds 3E+2 4E+2 2E-7 6E- 10 4E-6 4E-5
19 Pot assi um 42 D, all conpounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Pot assi um 43 D, all conpounds 6E+3 9E+3 4E- 6 1E-8 9E-5 9E- 4
19 Pot assi um 442 D, all conpounds 2E+4 TE+4 3E-5 9E- 8 - -
St wal |
(4E+4) - - - 5E- 4 5E-3
19 Pot assi um 452 D, all conpounds 3E+4 1E+5 5E-5 2E-7 - -
St wal |
(5E+4) - - - 7E-4 7E-3
20 Calcium41 W all conpounds 3E+3 4E+3 2E-6 - - -
Bone surf Bone surf
(4E+3) (4E+3) - 5E-9 6E-5 6E- 4
20 Calcium45 W all conpounds 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calcium47 W all compounds 8E+2 9E+2 4E-7 1E-9 1E-5 1E-4
21  Scandi um 43 Y, all conpounds 7E+3 2E+4 9E- 6 3E-8 1E-4 1E-3
21  Scandi um 44m Y, all compounds 5E+2 TE+2 3E-7 1E-9 7E-6 7E-5
21  Scandi um 44 Y, all compounds 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4
21 Scandi um 46 Y, all compounds 9E+2 2E+2 1E-7 3E- 10 1E-5 1E-4
21  Scandi um 47 Y, all conpounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E- 4
21 Scandi um 48 Y, all conpounds 8E+2 1E+3 6E-7 2E-9 1E-5 1E-4
21 Scandi um 492 Y, all compounds 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
22  Titanium44 D, all conpounds except
those given for Wand Y 3E+2 1E+1 5E-9 2E-11 4E- 6 4E-5
W oxi des, hydroxides,
car bi des, halides, and
nitrates - 3E+1 1E-8 4E-11 - -
Y, SrTio - 6E+0 2E-9 8E-12 - -
22 Titanium 45 D, see “Ti 9E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W see *Ti - 4E+4 1E-5 5E-8 - -
Y, see *Ti - 3E+4 1E-5 4E- 8 - -
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Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
23 Vanadi um 472 D, all conpounds except
those given for W 3E+4 8E+4 3E-5 1E-7 - -
St wal |
(3E+4) - - - 4E-4 4E- 3
W oxi des, hydroxides,
carbi des, and halides - 1E+5 4E-5 1E-7 - -
23  Vanadi um 48 D, see 4V 6E+2 1E+3 5E-7 2E-9 9E- 6 9E-5
W see 4V - 6E+2 3E-7 9E- 10 - -
23  Vanadi um 49 D, see 47V 7E+4 3E+4 1E-5 - - -
LLI wall Bone surf
(9E+4) (3E+4) - 5E- 8 1E-3 1E-2
W see 4V - 2E+4 8E- 6 2E-8 - -
24  Chrom um 48 D, all conpounds except
those given for Wand Y 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W halides and nitrates - TE+3 3E-6 1E-8 - -
Y, oxides and hydroxides - 7E+3 3E-6 1E-8 - -
24 Chrom um 49?2 D, see “8Cr 3E+4 8E+4 4E-5 1E-7 4E-4 4E- 3
W see *Cr - 1E+5 4E-5 1E-7 - -
Y, see *8Cr - 9E+4 4E-5 1E-7 - -
24  Chrom um51 D, see “8Cr 4E+4 5E+4 2E-5 6E- 8 5E-4 5E-3
W see *8Cr - 2E+4 1E-5 3E-8 - -
Y, see “8Cr - 2E+4 8E- 6 3E-8 - -
25 Manganese- 512 D, all conpounds except
those given for W 2E+4 5E+4 2E-5 7E-8 3E-4 3E-3
W oxi des, hydroxides,
hal i des, and nitrates - 6E+4 3E-5 8E-8 - -
25 Manganese-52nt D, see 5!Mh 3E+4 9E+4 4E-5 1E-7 - -
St wal |
(4E+4) - - - 5E- 4 5E- 3
W see 5!Mh - 1E+5 4E-5 1E-7 - -
25 Manganese- 52 D, see 5'\Vn TE+2 1E+3 5E-7 2E-9 1E-5 1E-4
W see 5'Vh - 9E+2 4E-7 1E-9 - -
25 Manganese- 53 D, see 5l\Vn 5E+4 1E+4 5E- 6 - 7E-4 7E-3
Bone surf
- (2E+4) - 3E-8 - -
W see 5!Mh - 1E+4 5E- 6 2E-8 - -
25 Manganese- 54 D, see 5'Mh 2E+3 9E+2 4E-7 1E-9 3E-5 3E-4
W see 5'Vh - 8E+2 3E-7 1E-9 - -
25 Manganese- 56 D, see 5'\Vn 5E+3 2E+4 6E- 6 2E-8 7E-5 7E-4
W see 5!Mh - 2E+4 9E- 6 3E-8 - -
26 lron-52 D, all conpounds except
those given for W 9E+2 3E+3 1E-6 4E-9 1E-5 1E-4

W oxi des, hydroxides,
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
and hal i des - 2E+3 1E-6 3E-9 - -
26 Iron-55 D, see 52Fe 9E+3 2E+3 8E-7 3E-9 1E-4 1E-3
W see 52Fe - 4E+3 2E-6 6E-9 - -
26 Iron-59 D, see 52Fe 8E+2 3E+2 1E-7 5E- 10 1E-5 1E-4
W see 52Fe - 5E+2 2E-7 7E- 10 - -
26 Iron-60 D, see 5?Fe 3E+1 6E+0 3E-9 9E- 12 4E-7 4E-6
W see 52Fe - 2E+1 8E-9 3E-11 - -
27 Cobal t-55 W all conpounds except
those given for Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -
27 Cobal t - 56 W see 55Co 5E+2 3E+2 1E-7 4E- 10 6E- 6 6E-5
Y, see %°Co 4E+2 2E+2 8E- 8 3E- 10 - -
27 Cobal t-57 W see 55Co 8E+3 3E+3 1E-6 4E-9 6E-5 6E- 4
Y, see %°Co 4E+3 TE+2 3E-7 9E- 10 - -
27 Cobal t-58m W see 55Co 6E+4 9E+4 4E-5 1E-7 8E- 4 8E- 3
Y, see %°Co - 6E+4 3E-5 9E- 8 - -
27 Cobal t-58 W see 5°Co 2E+3 1E+3 5E-7 2E-9 2E-5 2E-4
Y, see %5Co 1E+3 TE+2 3E-7 1E-9 - -
27  Cobal t - 60n? W see 55Co 1E+6 4E+6 2E-3 6E- 6 - -
St wal |
(1E+6) - - - 2E-2 2E-1
Y, see 55Co - 3E+6 1E-3 4E- 6 - -
27 Cobal t-60 W see 5°Co 5E+2 2E+2 7E-8 2E- 10 3E-6 3E-5
Y, see %5Co 2E+2 3E+1 1E-8 5E-11 - -
27 Cobal t-612 W see 55Co 2E+4 6E+4 3E-5 9E- 8 3E-4 3E-3
Y, see 5Co 2E+4 6E+4 2E-5 8E- 8 - -
27 Cobal t-62nt W see 55Co 4E+4 2E+5 7E-5 2E-7 - -
St wal |
( 5E+4) - - - 7E-4 7E-3
Y, see 5Co - 2E+5 6E-5 2E-7 - -
28 Nickel -56 D, all conpounds except
those given for W 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
W oxides, hydroxides,
and car bi des - 1E+3 5E-7 2E-9 - -
Vapor - 1E+3 5E-7 2E-9 - -
28 Nickel -57 D, see 5°Ni 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W see 5°Ni - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
28 N ckel -59 D, see 5°Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3
W see 56N - TE+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -
28 N ckel -63 D, see 5°Ni 9E+3 2E+3 TE-7 2E-9 1E-4 1E-3
W see 56N - 3E+3 1E-6 4E-9 - -
Vapor - 8E+2 3E-7 1E-9 - -
28 N ckel -65 D, see 5°Ni 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W see 56N - 3E+4 1E-5 4E- 8 - -
Vapor - 2E+4 7E-6 2E-8 - -
28 N ckel -66 D, see 5°Ni 4E+2 2E+3 TE-7 2E-9 - -
LLI wal |
(5E+2) - - - 6E- 6 6E-5
W see S5°Ni - 6E+2 3E-7 9E- 10 - -
Vapor - 3E+3 1E- 6 4E-9 - -
29  Copper - 602 D, all conpounds except
those given for Wand Y 3E+4 9E+4 4E-5 1E-7 - -
St wal |
( 3E+4) - - - 4E-4 4E-3
W sul fides, halides,
and nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and hydroxi des - 1E+5 4E-5 1E-7 - -
29  Copper-61 D, see %°Cu 1E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
W see 6°Cu - 4E+4 2E-5 6E- 8 - -
Y, see ¢°Cu - 4E+4 1E-5 5E-8 - -
29  Copper- 64 D, see %°Cu 1E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
W see 6°Cu - 2E+4 1E-5 3E-8 - -
Y, see ¢°Cu - 2E+4 9E- 6 3E-8 - -
29  Copper-67 D, see %°Cu 5E+3 8E+3 3E-6 1E-8 6E-5 6E- 4
W see 6°Cu - 5E+3 2E-6 7E-9 - -
Y, see ¢°Cu - 5E+3 2E-6 6E-9 - -
30 Zinc-62 Y, all conpounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-632 Y, all compounds 2E+4 TE+4 3E-5 9E- 8 - -
St wal |
(3E+4) - - - 3E-4 3E-3
30 Zinc-65 Y, all compounds 4E+2 3E+2 1E-7 4E- 10 5E-6 5E-5
30 Zinc-69m Y, all conpounds 4E+3 TE+3 3E-6 1E-8 6E-5 6E- 4
30 Zinc-692 Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E- 4 8E-3
30 Zinc-71m Y, all conpounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E- 4
30 Zinc-72 Y, all conpounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
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No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
31 @Gallium65? D, all conpounds except
those given for W 5E+4 2E+5 7E-5 2E-7 - -
St wal |
(6E+4) - - - 9E-4 9E-3
W oxi des, hydroxides,
carbi des, halides, and
nitrates - 2E+5 8E-5 3E-7 - -
31 Gllium66 D, see %G 1E+3 4E+3 1E-6 5E-9 1E-5 1E-4
W see %G - 3E+3 1E-6 4E-9 - -
31 @Gllium67 D, see %G 7TE+3 1E+4 6E- 6 2E-8 1E-4 1E-3
W see %G - 1E+4 4E- 6 1E-8 - -
31 Gal | i um 682 D, see %G 2E+4 AE+4 2E-5 6E- 8 2E-4 2E-3
W see %G - 5E+4 2E-5 7E-8 - -
31 Gl l'ium 702 D, see %G 5E+4 2E+5 7E-5 2E-7 - -
St wal |
(7E+4) - - - 1E-3 1E-2
W see %G - 2E+5 8E-5 3E-7 - -
31 Gl lium 72 D, see %G 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W see %G - 3E+3 1E-6 4E-9 - -
31 Gllium73 D, see %G 5E+3 2E+4 6E- 6 2E-8 7E-5 7E-4
W see %G - 2E+4 6E- 6 2E-8 - -
32  Gernmani um 66 D, all conpounds except
those given for W 2E+4 3E+4 1E-5 4E- 8 3E-4 3E-3
W oxides, sulfides,
and hal i des - 2E+4 8E- 6 3E-8 - -
32 Cernmani um 672 D, see 6Ge 3E+4 9E+4 4E-5 1E-7 - -
St wal |
(4E+4) - - - 6E- 4 6E-3
W see %Ge - 1E+5 4E-5 1E-7 - -
32  Gernmani um 68 D, see %%CGe 5E+3 4E+3 2E-6 5E-9 6E-5 6E- 4
W see %%Ge - 1E+2 4E- 8 1E- 10 - -
32  Gernmani um 69 D, see %Ge 1E+4 2E+4 6E- 6 2E-8 2E-4 2E-3
W see 56Ge - 8E+3 3E-6 1E-8 - -
32 Germanium71 D, see %Ge 5E+5 4E+5 2E-4 6E-7 7E-3 7E-2
W see %6Ge - 4E+4 2E-5 6E- 8 - -
32  Cernmani um 752 D, see %Ge AE+4 8E+4 3E-5 1E-7 - -
St wal |
(7E+4) - - - 9E- 4 9E-3
W see 56CGe - 8E+4 4E-5 1E-7 - -
32  Germanium 77 D, see %Ge 9E+3 1E+4 4E- 6 1E-8 1E-4 1E-3
W see %6Ge - 6E+3 2E-6 8E-9 - -
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32  Gernmani um 782 D, see 6Ge 2E+4 2E+4 9E- 6 3E-8 - -
St wal |
(2E+4) - - - 3E-4 3E-3
W see %Ge - 2E+4 9E- 6 3E-8 - -
33 Arsenic-69? W all conpounds 3E+4 1E+5 5E-5 2E-7 - -
St wal |
(4E+4) - - - 6E- 4 6E-3
33 Arsenic-702 W all conpounds 1E+4 5E+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W all conpounds 4E+3 5E+3 2E-6 6E-9 5E-5 5E-4
33 Arsenic-72 W all conpounds 9E+2 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-73 W all conpounds 8E+3 2E+3 TE-7 2E-9 1E-4 1E-3
33 Arsenic-74 W all conpounds 1E+3 8E+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic-76 W all conpounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 W all conpounds 4E+3 5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 6E-5 6E- 4
33 Arsenic-782 W all compounds 8E+3 2E+4 9E- 6 3E-8 1E-4 1E-3
34  Sel enium 702 D, all conpounds except
those given for W 2E+4 A4E+4 2E-5 5E-8 1E-4 1E-3
W oxi des, hydroxides,
car bi des, and
el emental Se 1E+4 AE+4 2E-5 6E- 8 - -
34  Sel enium 73n% D, see "°Se 6E+4 2E+5 6E-5 2E-7 4E- 4 4E-3
W see 7°Se 3E+4 1E+5 6E-5 2E-7 - -
34 Selenium73 D, see 7°Se 3E+3 1E+4 5E-6 2E-8 4E-5 4E- 4
W see 7°Se - 2E+4 7E-6 2E-8 - -
34  Sel eni um 75 D, see 7°Se 5E+2 TE+2 3E-7 1E-9 7E-6 7E-5
W see 7°Se - 6E+2 3E-7 8E- 10 - -
34 Selenium79 D, see "°Se 6E+2 8E+2 3E-7 1E-9 8E- 6 8E-5
W see 7°Se - 6E+2 2E-7 8E-10 - -
34  Sel eni um 81n¥ D, see 7°Se 4E+4 TE+4 3E-5 9E- 8 3E-4 3E-3
W see 7°Se 2E+4 TE+4 3E-5 1E-7 - -
34  Sel eni um 812 D, see 7°Se 6E+4 2E+5 9E-5 3E-7 - -
St wal |
(8E+4) - - - 1E-3 1E-2
W see 7°Se - 2E+5 1E-4 3E-7 - -
34  Sel eni um 832 D, see 7°Se 4E+4 1E+5 5E-5 2E-7 4E- 4 4E-3
W see 7°Se 3E+4 1E+5 5E-5 2E-7 - -
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Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
35 Br om ne- 74n¥ D, bronmides of H, Li,
Na, K, Rb, Cs, and Fr 1E+4 4E+4 2E-5 5E-8 - -
St wal |
(2E+4) - - - 3E-4 3E-3
W brom des of |antha-
ni des, Be, My, Ca, Sr,
Ba, Ra, Al, Ga, In, T,
Ge, Sn, Pb, As, Sh, Bi,
Fe, Ru, Cs, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti,
Zr, H, V, Nb, Ta, M,
Tc, and Re - 4E+4 2E-5 6E- 8 - -
35 Br om ne- 742 D, see 74mBr 2E+4 TE+4 3E-5 1E-7 - -
St wal |
(4E+4) - - - 5E-4 5E-3
W see 74"Br - 8E+4 4E-5 1E-7 - -
35 Brom ne- 752 D, see 74mBr 3E+4 5E+4 2E-5 7E-8 - -
St wal |
(4E+4) - - - 5E-4 5E-3
W see 74mBr - 5E+4 2E-5 7E-8 - -
35 Bronmine-76 D, see 74mBr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
W see 4"Br - 4E+3 2E-6 6E-9 - -
35 Bromne-77 D, see 7mBr 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3
W see 4"Br - 2E+4 8E- 6 3E-8 - -
35 Brom ne-80m D, see 74mBr 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3
W see 74"Br - 1E+4 6E- 6 2E-8 - -
35 Br om ne- 802 D, see 4mBr 5E+4 2E+5 8E-5 3E-7 - -
St wal |
(9E+4) - - - 1E-3 1E-2
W see 74"Br - 2E+5 9E-5 3E-7 - -
35 Brom ne-82 D, see 74mBr 3E+3 4E+3 2E-6 6E-9 4E-5 4E- 4
W see 74mBr - 4E+3 2E-6 5E-9 - -
35 Br om ne- 83 D, see 74mBr 5E+4 6E+4 3E-5 9E- 8 - -
St wal l
(7E+4) - - - 9E- 4 9E-3
W see 74"Br - 6E+4 3E-5 9E- 8 - -
35 Br om ne- 842 D, see 7*™Br 2E+4 6E+4 2E-5 8E- 8 - -
St wal |
(3E+4) - - - 4E-4 4E-3
W see "Br - 6E+4 3E-5 9E- 8 - -
36 Krypton-742 Subrrer si on? - - 3E-6 1E-8 - -
36 Krypton-76 Subner si ont - - 9E- 6 4E-8 - -



Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
36 Krypton-772 Subner si ont - - 4E- 6 2E-8 - -
36 Krypton-79 Subner si on?t - - 2E-5 7E-8 - -
36 Krypton-81 Subner si ont - - 7E-4 3E-6 - -
36  Krypton-83nt Subner si on?t - - 1E-2 5E-5 - -
36 Krypton-85m Subner si ont - - 2E-5 1E-7 - -
36 Krypton-85 Subner si ont - - 1E-4 TE-7 - -
36 Krypton-872 Subner si ont - - 5E-6 2E-8 - -
36 Krypton-88 Subner si on?t - - 2E-6 9E-9 - -
37 Rubi di um 792 D, all conpounds AE+4 1E+5 5E-5 2E-7 - -
St wal l
(BE+4) - - - 8E-4 8E-3
37 Rubi di um 81n% D, all conpounds 2E+5 3E+5 1E-4 5E-7 - -
St wal l
(3E+5) - - - 4E-3 4E-2
37 Rubi di um 81 D, all conpounds AE+4 5E+4 2E-5 7E-8 5E- 4 5E-3
37  Rubidium 82m D, all conpounds 1E+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubi di um 83 D, all conpounds 6E+2 1E+3 4E-7 1E-9 9E- 6 9E-5
37 Rubidium 84 D, all conpounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubi di um 86 D, all conpounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37  Rubidium 87 D, all conpounds 1E+3 2E+3 6E-7 2E-9 1E-5 1E-4
37 Rubi di um 882 D, all conpounds 2E+4 6E+4 3E-5 9E- 8 - -
St wal |
( 3E+4) - - - 4E-4 4E-3
37 Rubi di um 892 D, all conpounds AE+4 1E+5 6E-5 2E-7 - -
St wal |
(6E+4) - - - 9E- 4 9E- 3
38 Strontium 802 D, all sol ubl e compounds
except SrTiO 4E+3 1E+4 5E- 6 2E-8 6E-5 6E- 4
Y, all insoluble com
pounds and SrTi 0 - 1E+4 5E- 6 2E-8 - -
38 Strontium 812 D, see 80Sr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, see 80Sr 2E+4 8E+4 3E-5 1E-7 - -
38 Strontium 82 D, see 80Sr 3E+2 4E+2 2E-7 6E- 10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
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Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col .
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
Y, see 8°Sr 2E+2 9E+1 4E- 8 1E- 10 - -
38 Strontium 83 D, see 89Sr 3E+3 7TE+3 3E-6 1E-8 3E-5 3E-4
Y, see 80Sr 2E+3 4E+3 1E-6 5E-9 - -
38 Strontium85nt D, see 80Sr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2
Y, see 80Sr - 8E+5 4E- 4 1E-6 - -
38 Strontium85 D, see 80Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E- 4
Y, see 80Sr - 2E+3 6E-7 2E-9 - -
38 Strontium87m D, see 80Sr S5E+4 1E+5 5E-5 2E-7 6E- 4 6E- 3
Y, see 8°Sr 4E+4 2E+5 6E-5 2E-7 - -
38 Strontium 89 D, see 80Sr 6E+2 8E+2 4E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E- 6 8E-5
Y, see 8°Sr S5E+2 1E+2 6E-8 2E-10 - -
38 Strontium 90 D, see 80Sr 3E+1 2E+1 8E-9 - - -
Bone surf Bone surf
(4E+1) (2E+1) - 3E-11 5E-7 5E- 6
Y, see 80Sr - 4E+0 2E-9 6E-12 - -
38 Strontium91l D, see 80Sr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4
Y, see 8°Sr - 4E+3 1E-6 5E-9 - -
38 Strontium 92 D, see 80Sr 3E+3 9E+3 4E- 6 1E-8 4E-5 4E- 4
Y, see 80Sr - 7TE+3 3E-6 9E- 9 - -
39 Yttrium 86n? W all conpounds except
those given for Y 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
Y, oxides and hydroxi des - 5E+4 2E-5 8E- 8 - -
39 Yttrium86 W see 86my 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
Y, see 8émy - 3E+3 1E-6 5E-9 - -
39  Yttrium87 W see 86my 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
Y, see 8émy - 3E+3 1E-6 5E-9 - -
39 Yttrium88 W see 86my 1E+3 3E+2 1E-7 3E- 10 1E-5 1E-4
Y, see 8émy - 2E+2 1E-7 3E- 10 - -
39 Yttrium 90m W see 8émy 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
Y, see 8émy - 1E+4 5E-6 2E-8 - -
39  Yttrium90 W see 86my 4E+2 TE+2 3E-7 9E- 10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, see 8émy - 6E+2 3E-7 9E- 10 - -
39 Yttrium91lnt W see 8smY 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2
Y, see 8émy - 2E+5 7E-5 2E-7 - -
39  Yttrium9l W see 86my 5E+2 2E+2 7E-8 2E- 10 - -
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
LLI wall
(6E+2) - - - 8E- 6 8E-5
Y, see 8émy - 1E+2 5E-8 2E- 10 - -
39  Yttrium92 W see 86my 3E+3 9E+3 4E- 6 1E-8 4E-5 4E- 4
Y, see 8émy - 8E+3 3E-6 1E-8 - -
39  Yttrium93 W see 86my 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see 8émy - 2E+3 1E-6 3E-9 - -
39  Yttrium 942 W see 86my 2E+4 8E+4 3E-5 1E-7 - -
St wal |
(3E+4) - - - 4E- 4 4E-3
Y, see 86my - 8E+4 3E-5 1E-7 - -
39  Yttrium 95?2 W see 86my 4E+4 2E+5 6E-5 2E-7 - -
St wal |
( 5E+4) - - - 7E-4 7E-3
Y, see 86my - 1E+5 6E-5 2E-7 - -
40  Zirconium 86 D, all conpounds except
those given for Wand Y 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
W oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -
Y, carbide - 2E+3 1E-6 3E-9 - -
40 Zirconium 88 D, see 8Zr 4E+3 2E+2 9E- 8 3E- 10 5E-5 5E-4
W see 8Zr - 5E+2 2E-7 7E- 10 - -
Y, see 86Zr - 3E+2 1E-7 4E- 10 - -
40 Zirconi um 89 D, see 8Zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W see 8Zr - 2E+3 1E-6 3E-9 - -
Y, see 86Zr - 2E+3 1E-6 3E-9 - -
40 Zirconium 93 D, see 8Zr 1E+3 6E+0 3E-9 - - -
Bone surf Bone surf
(3E+3) (2E+1) - 2E-11 4E-5 4E- 4
W see 86Zr - 2E+1 1E-8 - - -
Bone surf
- (6E+1) - 9E- 11 - -
Y, see 8%7Zr - 6E+1 2E-8 - - -
Bone surf
- (7E+1) - 9E- 11 - -
40  Zirconi um 95 D, see 8Zr 1E+3 1E+2 5E-8 - 2E-5 2E-4
Bone surf
- (3E+2) - 4E-10 - -
W see 8%7Zr - 4E+2 2E-7 5E-10 - -
Y, see 86Zr - 3E+2 1E-7 4E- 10 - -
40 Zirconium 97 D, see 8Zr 6E+2 2E+3 8E-7 3E-9 9E- 6 9E-5
W see 86Zr - 1E+3 6E-7 2E-9 - -
Y, see 86Zr - 1E+3 5E-7 2E-9 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
41 N obi um 882 W all conpounds except
those given for Y 5E+4 2E+5 9E-5 3E-7 - -
St wal |
(7E+4) - - - 1E-3 1E-2
Y, oxides and hydroxi des - 2E+5 9E-5 3E-7 - -
41 N obi um 892 W see %Nb 1E+4 4E+4 2E-5 6E- 8 1E-4 1E-3
(66 min)
Y, see %Nb - 4E+4 2E-5 5E-8 - -
41 N obium 89 W see %Nb 5E+3 2E+4 8E- 6 3E-8 7E-5 TE-4
(122 min)
Y, see %Nb - 2E+4 6E- 6 2E-8 - -
41 Ni obi um 90 W see 8Nb 1E+3 3E+3 1E- 6 4E-9 1E-5 1E-4
Y, see %Nb - 2E+3 1E-6 3E-9 - -
41 N obi um 93m W see 8Nb 9E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+4) - - - 2E-4 2E-3
Y, see %Nb - 2E+2 7E-8 2E-10 - -
41 Ni obi um 94 W see 8Nb 9E+2 2E+2 8E-8 3E-10 1E-5 1E-4
Y, see %Nb - 2E+1 6E-9 2E-11 - -
41 N obi um 95m W see %Nb 2E+3 3E+3 1E-6 4E-9 - -
LLI wal |
(2E+3) - - - 3E-5 3E-4
Y, see %Nb - 2E+3 9E-7 3E-9 - -
41 Ni obi um 95 W see 8Nb 2E+3 1E+3 S5E-7 2E-9 3E-5 3E-4
Y, see %Nb - 1E+3 5E-7 2E-9 - -
41 N obium 96 W see 8%Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see %Nb - 2E+3 1E-6 3E-9 - -
41 N obi um 972 W see %Nb 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, see %Nb - TE+4 3E-5 1E-7 - -
41 Ni obi um 982 W see 8Nb 1E+4 S5E+4 2E-5 8E-8 2E-4 2E-3
Y, see %Nb - 5E+4 2E-5 7E-8 - -
42 Mol ybdenum 90 D, all conpounds except
those given for Y 4E+3 7E+3 3E-6 1E-8 3E-5 3E-4
Y, oxides, hydroxides,
and MS 2E+3 5E+3 2E-6 6E-9 - -
42 Mol ybdenum 93m D, see °°Mp 9E+3 2E+4 7E-6 2E-8 6E-5 6E-4
Y, see °°Mo 4E+3 1E+4 6E- 6 2E-8 - -
42 Mol ybdenum 93 D, see °°Md 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
Y, see °°Mo 2E+4 2E+2 8E- 8 2E- 10 - -
42 Mol ybdenum 99 D, see °9M 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col .
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
(1E+3) - - - 2E-5 2E-4
Y, see °°Mo 1E+3 1E+3 6E-7 2E-9 - -
42 Mol ybdenum 1012 D, see °°Md AE+4 1E+5 6E-5 2E-7 - -
St wal |
(5E+4) - - - 7E-4 7E-3
Y, see °°Mo - 1E+5 6E-5 2E-7 - -
43 Technetium93nt D, all conpounds except
those given for W TE+4 2E+5 6E-5 2E-7 1E-3 1E-2
W oxi des, hydroxides,
halides, and nitrates - 3E+5 1E-4 4E-7 - -
43  Technetium 93 D, see 9Tc 3E+4 TE+4 3E-5 1E-7 4E- 4 4E- 3
W see 9%n"Tc - 1E+5 4E-5 1E-7 - -
43 Technetium 94nt D, see 93"Tc 2E+4 4E+4 2E-5 6E- 8 3E-4 3E-3
W see 9"Tc - 6E+4 2E-5 8E-8 - -
43  Technetium 94 D, see 9Tc 9E+3 2E+4 8E- 6 3E-8 1E-4 1E-3
W see 9"Tc - 2E+4 1E-5 3E-8 - -
43  Technetium 95m D, see 93¢ 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
W see %"Tc - 2E+3 8E-7 3E-9 - -
43  Technetium 95 D, see %3¢ 1E+4 2E+4 9E- 6 3E-8 1E-4 1E-3
W see 9%"Tc - 2E+4 8E- 6 3E-8 - -
43 Technetium 96nt D, see 93"Tc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2
W see %mTc - 2E+5 1E-4 3E-7 - -
43  Technetium 96 D, see 9"Tc 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
W see %nmTc - 2E+3 9E- 7 3E-9 - -
43  Technetium 97m D, see 93¢ 5E+3 7E+3 3E-6 - 6E-5 6E-4
St wal |
- (7E+3) - 1E-8 - -
W see %mTc - 1E+3 5E-7 2E-9 - -
43  Technetium 97 D, see 9Tc AE+4 5E+4 2E-5 7E-8 5E-4 5E-3
W see %"Tc - 6E+3 2E-6 8E-9 - -
43  Technetium 98 D, see 9Tc 1E+3 2E+3 TE-7 2E-9 1E-5 1E-4
W see %n"Tc - 3E+2 1E-7 4E- 10 - -
43  Technetium 99m D, see °3"c 8E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W see 9"Tc - 2E+5 1E-4 3E-7 - -
43  Technetium 99 D, see 9Tc 4E+3 5E+3 2E-6 - 6E-5 6E- 4
St wall
- (6E+3) - 8E-9 - -
W see 9%"Tc - TE+2 3E-7 9E- 10 - -
43  Technetium 1012 D, see 9T¢c 9E+4 3E+5 1E-4 5E-7 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
St wal |
(1E+5) - - - 2E-3 2E-2
W see 9%"Tc - 4E+5 2E-4 5E-7 - -
43  Technetium 1042 D, see 9"Tc 2E+4 TE+4 3E-5 1E-7 - -
St wal |
(3E+4) - - - 4E-4 4E- 3
W see %n"Tc - 9E+4 4E-5 1E-7 - -
44  Rut heni um 942 D, all conpounds except
those given for Wand Y 2E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
W halides - 6E+4 3E-5 9E- 8 - -
Y, oxides and hydroxi des - 6E+4 2E-5 8E- 8 - -
44 Rut heni um 97 D, see °*Ru 8E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W see *Ru - 1E+4 5E-6 2E-8 - -
Y, see °Ru - 1E+4 5E-6 2E-8 - -
44 Rut heni um 103 D, see °*Ru 2E+3 2E+3 TE-7 2E-9 3E-5 3E-4
W see *Ru - 1E+3 4E-7 1E-9 - -
Y, see °Ru - 6E+2 3E-7 9E- 10 - -
44 Rut heni um 105 D, see °*Ru S5E+3 1E+4 6E-6 2E-8 7E-5 7E-4
W see *Ru - 1E+4 6E- 6 2E-8 - -
Y, see °Ru - 1E+4 5E-6 2E-8 - -
44  Rut heni um 106 D, see °“Ru 2E+2 9E+1 4E- 8 1E- 10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
W see °“Ru - 5E+1 2E-8 8E- 11 - -
Y, see °‘Ru - 1E+1 5E-9 2E-11 - -
45  Rhodi um 99m D, all conpounds except
those given for Wand Y 2E+4 6E+4 2E-5 8E- 8 2E-4 2E-3
W halides - 8E+4 3E-5 1E-7 - -
Y, oxides and hydroxides - TE+4 3E-5 9E- 8 - -
45  Rhodi um 99 D, see °°"Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W see °"Rh - 2E+3 9E- 7 3E-9 - -
Y, see 99"Rh - 2E+3 8E-7 3E-9 - -
45  Rhodi um 100 D, see °°"Rh 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W see 9°"Rh - 4E+3 2E-6 6E- 9 - -
Y, see 99"Rh - 4E+3 2E-6 5E-9 - -
45  Rhodi um 101m D, see °°"Rh 6E+3 1E+4 5E-6 2E-8 8E-5 8E- 4
W see °°"Rh - 8E+3 4E- 6 1E-8 - -
Y, see 99"Rh - 8E+3 3E-6 1E-8 - -
45  Rhodi um 101 D, see °°"Rh 2E+3 5E+2 2E-7 7E- 10 3E-5 3E-4
W see °"Rh - 8E+2 3E-7 1E-9 - -
Y, see °°"Rh - 2E+2 6E- 8 2E- 10 - -
45  Rhodi um 102m D, see °°"Rh 1E+3 5E+2 2E-7 7E- 10 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
LLI wall
(1E+3) - - - 2E-5 2E-4
W see %9"Rh - 4E+2 2E-7 5E- 10 - -
Y, see °°"Rh - 1E+2 5E-8 2E- 10 - -
45  Rhodi um 102 D, see °"Rh 6E+2 9E+1 4E- 8 1E- 10 8E- 6 8E-5
W see %9"Rh - 2E+2 7E-8 2E- 10 - -
Y, see °°"Rh - 6E+1 2E-8 8E- 11 - -
45  Rhodi um 103n? D, see °"Rh 4E+5 1E+6 5E-4 2E- 6 6E- 3 6E- 2
W see %9"Rh - 1E+6 5E-4 2E-6 - -
Y, see °°"Rh - 1E+6 5E-4 2E-6 - -
45  Rhodi um 105 D, see °°"Rh 4E+3 1E+4 5E- 6 2E-8 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
W see °"Rh - 6E+3 3E-6 9E- 9 - -
Y, see °°"Rh - 6E+3 2E-6 8E-9 - -
45  Rhodi um 106m D, see °°"Rh 8E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
W see °"Rh - 4E+4 2E-5 5E-8 - -
Y, see °°"Rh - AE+4 1E-5 5E-8 - -
45  Rhodi um 1072 D, see °°"Rh TE+4 2E+5 1E-4 3E-7 - -
St wal |
(9E+4) - - - 1E-3 1E-2
W see °"Rh - 3E+5 1E-4 4E-7 - -
Y, see °°"Rh - 3E+5 1E-4 3E-7 - -
46  Pal | adi um 100 D, all conpounds except
those given for Wand Y 1E+3 1E+3 6E-7 2E-9 2E-5 2E-4
W nitrates - 1E+3 5E-7 2E-9 - -
Y, oxides and hydroxi des - 1E+3 6E-7 2E-9 - -
46  Pal | adi um 101 D, see 1°°Pd 1E+4 3E+4 1E-5 5E- 8 2E-4 2E-3
W see 1090Pd - 3E+4 1E-5 5E-8 - -
Y, see 1°°pd - 3E+4 1E-5 4E- 8 - -
46 Pal | adi um 103 D, see 100P(d 6E+3 6E+3 3E-6 9E-9 - -
LLI wall
(7E+3) - - - 1E-4 1E-3
W see 190pPd - 4E+3 2E-6 6E-9 - -
Y, see 10°pd - 4E+3 1E- 6 5E-9 - -
46 Pal | adi um 107 D, see 100Pd 3E+4 2E+4 9E- 6 - - -
LLI wall Ki dneys
(4E+4) (2E+4) - 3E-8 5E-4 5E-3
W see 100Pd - TE+3 3E-6 1E-8 - -
Y, see 10°pd - 4E+2 2E-7 6E- 10 - -
46  Pal | adi um 109 D, see 19%9Pd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
W see 1090Pd - 5E+3 2E-6 8E-9 - -
Y, see 10°pd - 5E+3 2E-6 6E-9 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
47  Silver-1022 D, all conpounds except
those given for Wand Y 5E+4 2E+5 8E-5 2E-7 - -
St wal |
(6E+4) - - - 9E-4 9E- 3
W nitrates and sul fides - 2E+5 9E-5 3E-7 - -
Y, oxides and hydroxides - 2E+5 8E-5 3E-7 - -
47  Silver-1032 D, see 102Ag 4E+4 1E+5 4E-5 1E-7 5E-4 5E- 3
W see 102Ag - 1E+5 5E-5 2E-7 - -
Y, see 102Ag - 1E+5 5E-5 2E-7 - -
47  Silver-104nt D, see 102Ag 3E+4 9E+4 4E-5 1E-7 4E-4 4E- 3
W see 102Ag - 1E+5 5E-5 2E-7 - -
Y, see 102Ag - 1E+5 5E-5 2E-7 - -
47  Silver-1042 D, see 102Ag 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
W see 102Ag - 1E+5 6E-5 2E-7 - -
Y, see 102Ag - 1E+5 6E-5 2E-7 - -
47  Silver-105 D, see 102Ag 3E+3 1E+3 4E-7 1E-9 4E-5 4E- 4
W see 102Ag - 2E+3 TE-7 2E-9 - -
Y, see 102Ag - 2E+3 TE-7 2E-9 - -
47  Silver-106m D, see 102Ag 8E+2 TE+2 3E-7 1E-9 1E-5 1E-4
W see 102Ag - 9E+2 4E-7 1E-9 - -
Y, see 102Ag - 9E+2 4E-7 1E-9 - -
47  Silver-1062 D, see 192Ag 6E+4 2E+5 8E-5 3E-7 - -
St. wall
(6E+4) - - - 9E-4 9E- 3
W see 102Ag - 2E+5 9E-5 3E-7 - -
Y, see 102Ag - 2E+5 8E-5 3E-7 - -
47  Silver-108m D, see 102Ag 6E+2 2E+2 8E-8 3E-10 9E- 6 9E-5
W see 102Ag - 3E+2 1E-7 4E- 10 - -
Y, see 102Ag - 2E+1 1E-8 3E-11 - -
47  Silver-110m D, see 102Ag 5E+2 1E+2 5E-8 2E-10 6E- 6 6E-5
W see 102Ag - 2E+2 8E- 8 3E- 10 - -
Y, see 102Ag - 9E+1 4E- 8 1E- 10 - -
47  Silver-111 D, see 102Ag 9E+2 2E+3 6E-7 - - -
LLI wal | Liver
(1E+3) (2E+3) - 2E-9 2E-5 2E-4
W see 102Ag - 9E+2 4E-7 1E-9 - -
Y, see 102Ag - 9E+2 4E-7 1E-9 - -
47 Silver-112 D, see 102Ag 3E+3 8E+3 3E-6 1E- 8 4E-5 4E- 4
W see 102Ag - 1E+4 4E- 6 1E-8 - -
Y, see 102Ag - 9E+3 4E- 6 1E-8 - -
47 Silver-115? D, see 102Ag 3E+4 9E+4 4E-5 1E-7 - -
St wal |
(3E+4) - - - 4AE-4 4E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
W see 102Ag - 9E+4 4E-5 1E-7 - -
Y, see 102Ag - 8E+4 3E-5 1E-7 - -
48  Cadm um 1042 D, all conpounds except
those given for Wand Y 2E+4 TE+4 3E-5 9E- 8 3E-4 3E-3
W sul fides, halides,
and nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and hydroxi des - 1E+5 5E-5 2E-7 - -
48  Cadm um 107 D, see %4Cd 2E+4 5E+4 2E-5 8E- 8 3E-4 3E-3
W see 1%4Cd - 6E+4 2E-5 8E- 8 - -
Y, see t4Cd - 5E+4 2E-5 7E-8 - -
48  Cadm um 109 D, see %“Cd 3E+2 4E+1 1E-8 - - -
Ki dneys Ki dneys
(4E+2) (5E+1) - 7E-11 6E- 6 6E-5
W see 104Cd - 1E+2 5E-8 - - -
Ki dneys
- (1E+2) - 2E- 10 - -
Y, see t4Cd - 1E+2 5E-8 2E- 10 - -
48  Cadm um 113m D, see %“Cd 2E+1 2E+0 1E-9 - - -
Ki dneys Ki dneys
(4E+1) (4E+0) - 5E-12 5E-7 5E- 6
W see 104Cd - 8E+0 4E-9 - - -
Ki dneys
- (1E+1) - 2E-11 - -
Y, see 104Cd - 1E+1 5E-9 2E-11 - -
48 Cadm um 113 D, see %‘Cd 2E+1 2E+0 9E- 10 - - -
Ki dneys Ki dneys
(3E+1) (3E+0) - 5E- 12 4E-7 4E- 6
W see 104Cd - 8E+0 3E-9 - - -
Ki dneys
- (1E+1) - 2E-11 - -
Y, see 104Cd - 1E+1 6E-9 2E-11 - -
48  Cadm um 115m D, see %‘Cd 3E+2 5E+1 2E-8 - 4E- 6 4E-5
Ki dneys
- (8E+1) - 1E- 10 - -
W see 1%4Cd - 1E+2 5E-8 2E- 10 - -
Y, see t*Cd - 1E+2 6E- 8 2E- 10 - -
48 Cadm um 115 D, see %“Cd 9E+2 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
W see 1%4Cd - 1E+3 5E-7 2E-9 - -
Y, see 104Cd - 1E+3 6E-7 2E-9 - -
48  Cadm um 117m D, see %“Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E- 4
W see 1%4Cd - 2E+4 7E-6 2E-8 - -
Y, see “Cd - 1E+4 6E- 6 2E-8 - -
48  Cadm um 117 D, see %‘Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E- 4
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
W see !“Cd - 2E+4 7E- 6 2E-8 - -
Y, see “Cd - 1E+4 6E- 6 2E-8 - -
49 I ndium 109 D, all conpounds except
those given for W 2E+4 4E+4 2E-5 6E- 8 3E-4 3E-3
W oxi des, hydroxides,
hal i des, and nitrates - 6E+4 3E-5 9E- 8 - -
49 I ndium 1102 D, see 1%n 2E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
(69.1 mn) W see 1%°n - 6E+4 2E-5 8E-8 - -
49  |Indium 110 D, see %9n 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9 h) W see 1n - 2E+4 8E- 6 3E-8 - -
49 Indium 111 D, see 1%9n 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W see °n - 6E+3 3E-6 9E-9 - -
49 I ndi um 1122 D, see 19 n 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W see 199 n - T7E+5 3E-4 1E-6 - -
49 I ndi um 113n? D, see %9n 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
W see 199 n - 2E+5 8E-5 3E-7 - -
49 I ndium 114m D, see %n 3E+2 6E+1 3E-8 9E- 11 - -
LLI wall
(4E+2) - - - 5E- 6 5E-5
W see 199 n - 1E+2 4E- 8 1E- 10 - -
49 I ndium 115m D, see %n 1E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
W see 1n - 5E+4 2E-5 7E-8 - -
49 | ndium 115 D, see %n 4E+1 1E+0 6E- 10 2E-12 5E-7 5E- 6
W see 1n - 5E+0 2E-9 8E- 12 - -
49 I ndi um 116n% D, see %9 n 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
W see 1°°n - 1E+5 5E-5 2E-7 - -
49 I ndium 117n? D, see 1%n 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W see 199 n - 4E+4 2E-5 6E- 8 - -
49 I ndium 1172 D, see %n 6E+4 2E+5 7E-5 2E-7 8E-4 8E- 3
W see 1°n - 2E+5 9E-5 3E-7 - -
49 I ndi um 119n? D, see 1%9n 4E+4 1E+5 5E-5 2E-7 - -
St wal |
(5E+4) - - - 7E-4 7E-3
W see 19 n - 1E+5 6E-5 2E-7 - -
50 Tin-110 D, all conpounds except
those given for W 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4
W sul fides, oxides,
hydroxi des, hal i des,
nitrates, and stannic
phosphat e - 1E+4 5E-6 2E-8 - -

D-72



Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
50 Tin-1112 D, see '1%Sn TE+4 2E+5 9E-5 3E-7 1E-3 1E-2
W see 119Sn - 3E+5 1E-4 4E-7 - -
50 Tin-113 D, see 1°Gn 2E+3 1E+3 5E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W see 119Sn - 5E+2 2E-7 8E- 10 - -
50 Tin-117m D, see '1%Sn 2E+3 1E+3 5E-7 - - -
LLI wall Bone surf
(2E+3) (2E+3) - 3E-9 3E-5 3E-4
W see 119Sn - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, see 1'19Sn 3E+3 2E+3 1E-6 3E-9 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W see 119Sn - 1E+3 4E-7 1E-9 - -
50 Tin-121m D, see 1!10G8n 3E+3 9E+2 4E-7 1E-9 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
W see 119Sn - 5E+2 2E-7 8E- 10 - -
50 Tin-121 D, see 1°Gn 6E+3 2E+4 6E- 6 2E-8 - -
LLI wall
(6E+3) - - - 8E-5 8E-4
W see 119Sn - 1E+4 5E-6 2E-8 - -
50 Tin-123n? D, see 1°Gn 5E+4 1E+5 5E-5 2E-7 7E-4 7E-3
W see 119Sn - 1E+5 6E-5 2E-7 - -
50 Tin-123 D, see 1°Gn 5E+2 6E+2 3E-7 9E- 10 - -
LLI wall
(6E+2) - - - 9E- 6 9E-5
W see 119Sn - 2E+2 7E-8 2E- 10 - -
50 Tin-125 D, see 11°Gn 4E+2 9E+2 4E-7 1E-9 - -
LLI wall
(5E+2) - - - 6E- 6 6E-5
W see 110Gn - 4E+2 1E-7 5E-10 - -
50 Tin-126 D, see '1°Sn 3E+2 6E+1 2E-8 8E- 11 4E- 6 4E-5
W see 119Sn - TE+1 3E-8 9E-11 - -
50 Tin-127 D, see 1°Gn 7TE+3 2E+4 8E- 6 3E-8 9E-5 9E- 4
W see 119Sn - 2E+4 8E- 6 3E-8 - -
50 Tin-1282 D, see '19Sn 9E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
W see 119Sn - 4E+4 1E-5 5E-8 - -

51 Antinony-115? D, all conpounds except
those given for W 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W oxides, hydroxides,
hal i des, sulfides,
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
sul fates, and nitrates - 3E+5 1E-4 4E-7 - -
51 Antinony-116nt D, see !!5Sh 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
W see !15Sh - 1E+5 6E-5 2E-7 - -
51 Ant i nony- 1162 D, see ''5Sb TE+4 3E+5 1E-4 4E-7 - -
St wal |
(9E+4) - - - 1E-3 1E-2
W see 115Sh - 3E+5 1E-4 5E-7 - -
51 Antinony-117 D, see !15Sb TE+4 2E+5 9E-5 3E-7 9E- 4 9E- 3
W see 115Sh - 3E+5 1E-4 4E-7 - -
51 Ant i nony-118m D, see ''5Sb 6E+3 2E+4 8E- 6 3E-8 7E-5 7E-4
W see !15Sh 5E+3 2E+4 9E- 6 3E-8 - -
51 Antinony-119 D, see '15Sb 2E+4 5E+4 2E-5 6E- 8 2E-4 2E-3
W see 115Sh 2E+4 3E+4 1E-5 4E- 8 - -
51 Antinony-120? D, see !15Sb 1E+5 4E+5 2E-4 6E-7 - -
(16 mn) St wal |
( 2E+5) - - - 2E-3 2E-2
W see !15Sh - S5E+5 2E-4 TE-7 - -
51 Antinony-120 D, see '15Sb 1E+3 2E+3 9E- 7 3E-9 1E-5 1E-4
(5.76 d) W see 115Sh 9E+2 1E+3 5E-7 2E-9 - -
51 Antinony-122 D, see !15Sb 8E+2 2E+3 1E-6 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W see 115Sp TE+2 1E+3 4E-7 2E-9 - -
51 Antinony-124n¥ D, see '15Sb 3E+5 8E+5 4E- 4 1E-6 3E-3 3E-2
W see 115Sh 2E+5 6E+5 2E-4 8E-7 - -
51 Antinony-124 D, see !15Sb 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5
W see !15Sh 5E+2 2E+2 1E-7 3E- 10 - -
51 Antinony-125 D, see !15Sh 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
W see !15Sh - S5E+2 2E-7 7E-10 - -
51 Antinony-126nt D, see '15Spb 5E+4 2E+5 8E-5 3E-7 - -
St wal l
(7E+4) - - - 9E- 4 9E-3
W see !15Sh - 2E+5 8E-5 3E-7 - -
51 Ant i nony- 126 D, see ''5Sb 6E+2 1E+3 5E-7 2E-9 7E-6 7E-5
W see !15Sh S5E+2 S5E+2 2E-7 7E-10 - -
51 Antinony-127 D, see '15Sb 8E+2 2E+3 9E- 7 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W see !15Sh TE+2 9E+2 4E-7 1E-9 - -
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
51 Antinony-128? D, see '15Sb 8E+4 4E+5 2E-4 5E-7 - -
(10.4 mn) St wal l
(1E+5) - - - 1E-3 1E-2
W see !15Sh - 4E+5 2E-4 6E-7 - -
51 Antinony-128 D, see '15Sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
(9.01 h) W see !15Sh - 3E+3 1E-6 5E-9 - -
51 Antinony-129 D, see '15Sb 3E+3 9E+3 4E- 6 1E-8 4E-5 4E- 4
W see 115Sh - 9E+3 4E- 6 1E-8 - -
51  Antinony- 1302 D, see '15Sb 2E+4 6E+4 3E-5 9E- 8 3E-4 3E-3
W see 115Sh - 8E+4 3E-5 1E-7 - -
51 Ant i nony- 1312 D, see 1158b 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid
(2E+4) (4E+4) - 6E- 8 2E-4 2E-3
W see 115Sh - 2E+4 1E-5 - -
Thyroid
- (4E+4) - 6E- 8 - -
52 Tellurium 116 D, all conpounds except
those given for W 8E+3 2E+4 9E- 6 3E-8 1E-4 1E-3
W oxi des, hydroxides,
and nitrates - 3E+4 1E-5 4E- 8 - -
52 Tellurium 121m D, see 16Te 5E+2 2E+2 8E- 8 - - -
Bone surf Bone surf
(7E+2) (4E+2) - 5E- 10 1E-5 1E-4
W see 116Te - 4E+2 2E-7 6E- 10 - -
52  Tellurium 121 D, see !16Te 3E+3 4E+3 2E-6 6E-9 4E-5 4E- 4
W see !16Te - 3E+3 1E-6 4E-9 - -
52 Tel lurium 123m D, see 16Te 6E+2 2E+2 9E- 8 - - -
Bone surf Bone surf
(1E+3) (5E+2) - 8E- 10 1E-5 1E-4
W see 116Te - 5E+2 2E-7 8E- 10 - -
52 Tellurium 123 D, see !16Te 5E+2 2E+2 8E-8 - - -
Bone surf Bone surf
(1E+3) (5E+2) - 7E- 10 2E-5 2E-4
W see 116Te - 4E+2 2E-7 - - -
Bone surf
- (1E+3) - 2E-9 - -
52 Tellurium125m D, see !6Te 1E+3 4E+2 2E-7 - - -
Bone surf Bone surf
(1E+3) (1E+3) - 1E-9 2E-5 2E-4
W see !16Te - TE+2 3E-7 1E-9 - -
52  Tellurium127m D, see !16Te 6E+2 3E+2 1E-7 - 9E- 6 9E-5
Bone surf
- (4E+2) - 6E- 10 - -
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
W see !16Te - 3E+2 1E-7 4E- 10 - -
52  Tellurium 127 D, see !16Te 7TE+3 2E+4 9E- 6 3E-8 1E-4 1E-3
W see !16Te - 2E+4 7E-6 2E-8 - -
52  Tellurium129m D, see !16Te 5E+2 6E+2 3E-7 9E- 10 7E-6 7E-5
W see !16Te - 2E+2 1E-7 3E- 10 - -
52 Tellurium 1292 D, see 1%Te 3E+4 6E+4 3E-5 9E- 8 4E- 4 4E-3
W see 1!16Te - TE+4 3E-5 1E-7 - -
52 Tellurium131m D, see !16Te 3E+2 4E+2 2E-7 - - -
Thyroid Thyroid
(6E+2) (1E+3) - 2E-9 8E- 6 8E-5
W see 116Te - 4E+2 2E-7 - - -
Thyroid
- (9E+2) - 1E-9 - -
52 Tellurium 1312 D, see !16Te 3E+3 5E+3 2E-6 - - -
Thyroid Thyroid
(6E+3) (1E+4) - 2E-8 8E-5 8E-4
W see 116Te - 5E+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52 Tellurium 132 D, see !16Te 2E+2 2E+2 9E- 8 - - -
Thyroid Thyroid
(7E+2) (8E+2) - 1E-9 9E- 6 9E-5
W see 116Te - 2E+2 9E- 8 - - -
Thyroid
- (6E+2) - 9E- 10 - -
52 Tellurium 133nt D, see 16Te 3E+3 5E+3 2E-6 - - -
Thyroid Thyroid
(BE+3) (1E+4) - 2E-8 9E-5 9E- 4
W see 116Te - 5E+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52 Tellurium 1332 D, see !16Te 1E+4 2E+4 9E- 6 - - -
Thyroid Thyroid
(3E+4) (6E+4) - 8E-8 4E- 4 4E- 3
W see 116Te - 2E+4 9E- 6 - - -
Thyroid
- (6E+4) - 8E- 8 - -
52 Tellurium 1342 D, see !16Te 2E+4 2E+4 1E-5 - - -
Thyroid Thyroid
(2E+4) (5E+4) - 7E-8 3E-4 3E-3
W see 116Te - 2E+4 1E-5 - - -
Thyroid
- (5E+4) - 7E-8 - -
53 | odi ne- 120n? D, all conpounds 1E+4 2E+4 9E- 6 3E-8 - -
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No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
Thyroid
(1E+4) - - - 2E-4 2E-3
53 | odi ne- 1202 D, all conpounds 4E+3 9E+3 4E- 6 - - -
Thyroid Thyroid
( 8E+3) (1E+4) - 2E-8 1E-4 1E-3
53 | odi ne- 121 D, all conpounds 1E+4 2E+4 8E- 6 - - -
Thyroid Thyroid
(3E+4) (5E+4) - 7E-8 4E-4 4E-3
53 | odi ne- 123 D, all conpounds 3E+3 6E+3 3E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 2E-8 1E-4 1E-3
53 | odi ne- 124 D, all conpounds S5E+1 8E+1 3E-8 - - -
Thyroid Thyroid
(2E+2) (3E+2) - 4E-10 2E-6 2E-5
53 | odi ne- 125 D, all conpounds 4E+1 6E+1 3E-8 - - -
Thyroid Thyroid
(1E+2) (2E+2) - 3E-10 2E-6 2E-5
53 | odi ne- 126 D, all conpounds 2E+1 4E+1 1E-8 - - -
Thyroid Thyroid
(7E+1) (1E+2) - 2E- 10 1E-6 1E-5
53 | odi ne- 1282 D, all conpounds AE+4 1E+5 5E-5 2E-7 - -
St wal |
(6E+4) - - - 8E-4 8E-3
53 | odi ne- 129 D, all conpounds 5E+0 9E+0 4E-9 - - -
Thyroid Thyroid
(2E+1) (3E+1) - 4E-11 2E-7 2E-6
53 | odi ne- 130 D, all conpounds 4E+2 TE+2 3E-7 - - -
Thyroid Thyroid
(1E+3) (2E+3) - 3E-9 2E-5 2E-4
53 | odi ne- 131 D, all conpounds 3E+1 5E+1 2E-8 - - -
Thyroid Thyroid
(9E+1) (2E+2) - 2E- 10 1E-6 1E-5
53 | odi ne- 132n? D, all conpounds 4E+3 8E+3 4E- 6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 3E-8 1E-4 1E-3
53 | odi ne- 132 D, all conpounds 4E+3 8E+3 3E-6 - - -
Thyroid Thyroid
(9E+3) (1E+4) - 2E-8 1E-4 1E-3
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
53 | odi ne- 133 D, all conpounds 1E+2 3E+2 1E-7 - - -
Thyroid Thyroid
(5E+2) (9E+2) - 1E-9 7E-6 7E-5
53 | odi ne- 1342 D, all conpounds 2E+4 5E+4 2E-5 6E- 8 - -
Thyroid
(3E+4) - - - 4E-4 4E-3
53 | odi ne- 135 D, all conpounds 8E+2 2E+3 TE-7 - - -
Thyroid Thyroid
(3E+3) (4E+3) - 6E-9 3E-5 3E-4
54  Xenon-120? Subner si ont - - 1E-5 4E- 8 - -
54  Xenon-1212 Subner si ont - - 2E-6 1E-8 - -
54  Xenon-122 Subner si ont - - 7E-5 3E-7 - -
54  Xenon-123 Subner si ont - - 6E- 6 3E-8 - -
54  Xenon-125 Subner si ont - - 2E-5 7E-8 - -
54  Xenon- 127 Subner si ont - - 1E-5 6E- 8 - -
54  Xenon-129m Subner si ont - - 2E-4 9E- 7 - -
54  Xenon-131m Subner si ont - - 4E- 4 2E-6 - -
54  Xenon-133m Subner si ont - - 1E-4 6E-7 - -
54  Xenon- 133 Subner si ont - - 1E-4 5E-7 - -
54  Xenon- 135n? Subner si ont - - 9E- 6 4E- 8 - -
54  Xenon- 135 Subner si ont - - 1E-5 7E-8 - -
54  Xenon- 1382 Subner si ont - - 4E- 6 2E-8 - -
55 Cesium 1252 D, all conpounds S5E+4 1E+5 6E-5 2E-7 - -
St wal |
(9E+4) - - - 1E-3 1E-2
55 Cesi um 127 D, all conpounds 6E+4 9E+4 4E-5 1E-7 9E- 4 9E- 3
55 Cesium 129 D, all conpounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
55 Cesium 130? D, all conpounds 6E+4 2E+5 8E-5 3E-7 - -
St wal |
(1E+5) - - - 1E-3 1E-2
55 Cesium 131 D, all conpounds 2E+4 3E+4 1E-5 4E- 8 3E-4 3E-3
55 Cesium 132 D, all conpounds 3E+3 4E+3 2E-6 6E-9 4E-5 AE- 4
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
55  Cesium 134m D, all conpounds 1E+5 1E+5 6E-5 2E-7 - -
St wal |
(1E+5) - - - 2E-3 2E-2
55 Cesium 134 D, all conpounds 7E+1 1E+2 4E- 8 2E- 10 9E-7 9E- 6
55  Cesium 135n% D, all conpounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2
55  Cesium 135 D, all conpounds TE+2 1E+3 5E-7 2E-9 1E-5 1E-4
55 Cesium 136 D, all conpounds 4E+2 TE+2 3E-7 9E- 10 6E- 6 6E-5
55  Cesium 137 D, all conpounds 1E+2 2E+2 6E- 8 2E- 10 1E-6 1E-5
55 Cesi um 1382 D, all conpounds 2E+4 6E+4 2E-5 8E-8 - -
St wal |
(3E+4) - - - 4E- 4 4E-3
56 Bari um 1262 D, all conpounds 6E+3 2E+4 6E- 6 2E-8 8E-5 8E-4
56 Barium 128 D, all conpounds 5E+2 2E+3 TE-7 2E-9 7E-6 7E-5
56 Barium 131n? D, all conpounds 4E+5 1E+6 6E- 4 2E-6 - -
St wal |
(5E+5) - - - 7E-3 7E-2
56 Barium 131 D, all conpounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E- 4
56 Bari um 133m D, all conpounds 2E+3 9E+3 4E- 6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
56 Barium 133 D, all conpounds 2E+3 TE+2 3E-7 9E- 10 2E-5 2E-4
56 Barium 135m D, all conpounds 3E+3 1E+4 5E-6 2E-8 4E-5 4E- 4
56 Bari um 1392 D, all conpounds 1E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
56  Barium 140 D, all conpounds 5E+2 1E+3 6E-7 2E-9 - -
LLI wall
(6E+2) - - - 8E- 6 8E-5
56 Barium 1412 D, all conpounds 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
56 Bari um 1422 D, all conpounds S5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum 1312 D, all conpounds except
those given for W 5E+4 1E+5 5E-5 2E-7 6E- 4 6E- 3
W oxi des and hydroxi des - 2E+5 7E-5 2E-7 - -
57 Lant hanum 132 D, see '%lLa 3E+3 1E+4 4E- 6 1E-8 4E-5 4E- 4
W see 13lLa - 1E+4 5E-6 2E-8 - -
57 Lant hanum 135 D, see '%lLa 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
W see 1%lLa - 9E+4 4E-5 1E-7 - -
57 Lant hanum 137 D, see 131La 1E+4 6E+1 3E-8 - 2E-4 2E-3
Li ver
- (7E+1) - 1E- 10 - -
W see 13lLa - 3E+2 1E-7 - - -
Li ver
- (3E+2) - 4E- 10 - -
57 Lant hanum 138 D, see '%lLa 9E+2 4E+0 1E-9 5E-12 1E-5 1E-4
W see !3lLa - 1E+1 6E-9 2E-11 - -
57  Lant hanum 140 D, see '%lLa 6E+2 1E+3 6E-7 2E-9 9E- 6 9E-5
W see 13lLa - 1E+3 5E-7 2E-9 - -
57 Lanthanum 141 D, see '3lLa 4E+3 9E+3 4E- 6 1E-8 5E-5 5E-4
W see 13lLa - 1E+4 5E-6 2E-8 - -
57 Lant hanum 1422 D, see !3lLa 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W see !3lLa - 3E+4 1E-5 5E-8 - -
57 Lant hanum 1432 D, see !3lLa AE+4 1E+5 4E-5 1E-7 - -
St wal |
(4E+4) - - - 5E- 4 5E-3
W see !3lLa - 9E+4 4E-5 1E-7 - -
58 Cerium 134 W all conpounds except
those given for Y 5E+2 TE+2 3E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E- 6 8E-5
Y, oxides, hydroxides,
and fluorides - TE+2 3E-7 9E- 10 - -
58 Cerium 135 W see 134Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y, see 134Ce - 4E+3 1E-6 5E-9 - -
58 Cerium 137m W see 134Ce 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
( 2E+3) - - - 3E-5 3E-4
Y, see 134Ce - 4E+3 2E-6 5E-9 - -
58 Cerium 137 W see 134Ce 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
Y, see 34Ce - 1E+5 5E-5 2E-7 - -
58 Cerium 139 W see 134Ce 5E+3 8E+2 3E-7 1E-9 7E-5 7E-4
Y, see 134Ce - TE+2 3E-7 9E- 10 - -
58 Cerium 141 W see 134Ce 2E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
Y, see '34Ce - 6E+2 2E-7 8E- 10 - -
58 Cerium 143 W see 134Ce 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see 134Ce - 2E+3 TE-7 2E-9 - -
58 Cerium 144 W see 134Ce 2E+2 3E+1 1E-8 4E- 11 - -
LLI wall
(3E+2) - - - 3E-6 3E-5
Y, see 134Ce - 1E+1 6E-9 2E-11 - -
59 Praseodym um 1362 W all conpounds except
those given for Y 5E+4 2E+5 1E-4 3E-7 - -
St wal |
(7E+4) - - - 1E-3 1E-2
Y, oxides, hydroxides,
car bi des, and fluorides - 2E+5 9E-5 3E-7 - -
59 Praseodym um 1372 W see 36Pr AE+4 2E+5 6E-5 2E-7 5E-4 5E-3
Y, see 136pr - 1E+5 6E-5 2E-7 - -
59 Praseodym um 138m W see !3¢pr 1E+4 5E+4 2E-5 8E-8 1E-4 1E-3
Y, see 136pr - 4E+4 2E-5 6E- 8 - -
59 Praseodym um 139 W see 3¢Pr 4E+4 1E+5 5E-5 2E-7 6E- 4 6E- 3
Y, see 13%pr - 1E+5 5E-5 2E-7 - -
59 Praseodym um 142mW see 36Pr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
Y, see 136pr - 1E+5 6E-5 2E-7 - -
59 Praseodym um 142 W see !36pr 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
Y, see 136pr - 2E+3 8E-7 3E-9 - -
59 Praseodym um 143 W see '36Pr 9E+2 8E+2 3E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see 136pr - TE+2 3E-7 9E-10 - -
59 Praseodym um 1442 W see !36Pr 3E+4 1E+5 5E-5 2E-7 - -
St wal l
(4E+4) - - - 6E- 4 6E-3
Y, see 136pr - 1E+5 5E-5 2E-7 - -
59 Praseodym um 145 W see 136pr 3E+3 9E+3 4E- 6 1E-8 4E-5 4E- 4
Y, see 136pr - 8E+3 3E-6 1E-8 - -
59 Praseodym um 1472 W see 36Pr 5E+4 2E+5 8E-5 3E-7 - -
St wal |
( 8E+4) - - - 1E-3 1E-2
Y, see 136pr - 2E+5 8E-5 3E-7 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
60 Neodym um 1362W all conpounds except
those given for Y 1E+4 6E+4 2E-5 8E- 8 2E-4 2E-3
Y, oxides, hydroxides,
car bi des, and fluorides - 5E+4 2E-5 8E-8 - -
60 Neodym um 138 W see 136Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, see 13¢Nd - 5E+3 2E-6 7E-9 - -
60 Neodym um 139nW see !36Nd 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
Y, see 3°Nd - 1E+4 6E- 6 2E-8 - -
60 Neodym um 1392 W see !36Nd 9E+4 3E+5 1E-4 5E-7 1E-3 1E-2
Y, see '3°Nd - 3E+5 1E-4 4E-7 - -
60 Neodym um 141 W see !35Nd 2E+5 TE+5 3E-4 1E- 6 2E-3 2E-2
Y, see 13¢Nd - 6E+5 3E-4 9E- 7 - -
60 Neodym um 147 W see 136Nd 1E+3 9E+2 4E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see '3°Nd - 8E+2 4E-7 1E-9 - -
60 Neodym um 1492 W see !36Nd 1E+4 3E+4 1E-5 4E- 8 1E-4 1E-3
Y, see 13¢Nd - 2E+4 1E-5 3E-8 - -
60 Neodym um 1512 W see !36Nd TE+4 2E+5 8E-5 3E-7 9E- 4 9E-3
Y, see 3°Nd - 2E+5 8E-5 3E-7 - -
61 Pronethium 1412 W all conpounds except
those given for Y 5E+4 2E+5 8E-5 3E-7 - -
St wal |
(6E+4) - - - 8E- 4 8E- 3
Y, oxides, hydroxides,
car bi des, and fluorides - 2E+5 7E-5 2E-7 - -
61 Pronethium 143 W see '4'Pm 5E+3 6E+2 2E-7 8E- 10 7E-5 7E-4
Y, see #'Pm - TE+2 3E-7 1E-9 - -
61 Pronet hium 144 W see '#'Pm 1E+3 1E+2 5E- 8 2E- 10 2E-5 2E- 4
Y, see 141Pm - 1E+2 5E-8 2E-10 - -
61 Pronethium 145 W see '4'Pm 1E+4 2E+2 7E-8 - 1E-4 1E-3
Bone surf
- (2E+2) - 3E- 10 - -
Y, see '#'Pm - 2E+2 8E- 8 3E- 10 - -
61 Pronet hium 146 W see '#'Pm 2E+3 S5E+1 2E-8 7E-11 2E-5 2E- 4
Y, see 141Pm - 4E+1 2E-8 6E-11 - -
61 Promet hi um 147 W see #'Pm 4E+3 1E+2 5E- 8 - - -
LLI wall Bone surf
(5E+3) (2E+2) - 3E- 10 7E-5 TE-4
Y, see '#'Pm - 1E+2 6E- 8 2E- 10 - -

D-82



Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
61 Pronethium 148m W see 4'Pm TE+2 3E+2 1E-7 4E- 10 1E-5 1E-4
Y, see #'Pm - 3E+2 1E-7 5E- 10 - -
61 Promet hi um 148 W see 4'Pm 4E+2 5E+2 2E-7 8E- 10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, see #'Pm - 5E+2 2E-7 7E- 10 - -
61 Promet hium 149 W see #'Pm 1E+3 2E+3 8E-7 3E-9 - -
LLI wal |
(1E+3) - - - 2E-5 2E-4
Y, see #'Pm - 2E+3 8E-7 2E-9 - -
61 Pronet hium 150 W see '#'Pm 5E+3 2E+4 8E- 6 3E-8 7E-5 7E-4
Y, see 141Pm - 2E+4 7E-6 2E-8 - -
61 Pronethium 151 W see '4'Pm 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
Y, see #'Pm - 3E+3 1E- 6 4E-9 - -
62 Samarium 141n? W all conpounds 3E+4 1E+5 4E-5 1E-7 4E- 4 4E- 3
62  Sanarium 1412 W all conpounds 5E+4 2E+5 8E-5 2E-7 - -
St wal |
(6E+4) - - - 8E-4 8E-3
62 Samarium 1422 W all compounds 8E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
62 Samarium 145 W all conpounds 6E+3 5E+2 2E-7 7E- 10 8E-5 8E-4
62 Sanmmarium 146 W all compounds 1E+1 4E2 1E-11 - - -
Bone surf Bone surf
(3E+1) (6E-2) - 9E- 14 3E-7 3E-6
62 Samarium 147 W all compounds 2E+1 4E- 2 2E-11 - - -
Bone surf Bone surf
(3E+1) (7E-2) - 1E-13 4E-7 4E-6
62 Samarium 151 W all compounds 1E+4 1E+2 4E- 8 - - -
LLI wal | Bone surf
(1E+4) (2E+2) - 2E- 10 2E-4 2E-3
62 Sanmarium 153 W all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wal |
(2E+3) - - - 3E-5 3E-4
62 Samarium 1552 W all compounds 6E+4 2E+5 9E-5 3E-7 - -
St wal l
(8E+4) - - - 1E-3 1E-2
62 Sanmarium 156 W all compounds 5E+3 9E+3 4E- 6 1E-8 7E-5 7E-4
63  Europi um 145 W all conpounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
63  Europi um 146 W all conpounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
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Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At om ¢ Radi onucl i de Cl ass ALl ALI DAC Ar Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
63  Europi um 147 W all compounds 3E+3 2E+3 TE-7 2E-9 4E-5 4E- 4
63  Europium 148 W all conpounds 1E+3 4E+2 1E-7 5E- 10 1E-5 1E-4
63  Europi um 149 W all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63  Europi um 150 W all conpounds 3E+3 8E+3 4E- 6 1E-8 4E-5 4E- 4
(12.62 h)
63  Europi um 150 W all conpounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
(34.2 y)
63 Europium152m W all conpounds 3E+3 6E+3 3E-6 9E- 9 4E-5 4E- 4
63  Europi um 152 W all conpounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E-4
63  Europi um 154 W all conpounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-5
63  Europi um 155 W all conpounds 4E+3 9E+1 4E- 8 - 5E-5 5E-4
Bone surf
- (1E+2) - 2E-10 - -
63  Europi um 156 W all conpounds 6E+2 5E+2 2E-7 6E- 10 8E- 6 8E-5
63  Europi um 157 W all compounds 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
63  Europi um 1582 W all conpounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64 Gadolinium 1452 D, all conpounds except
those given for W 5E+4 2E+5 6E-5 2E-7 - -
St wal l
(5E+4) - - - 6E-4 6E- 3
W oxi des, hydroxides,
and fluorides - 2E+5 7E-5 2E-7 - -
64 Gadolinium 146 D, see *°&d 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4
W see °d - 3E+2 1E-7 4E- 10 - -
64 Gadolinium 147 D, see 45Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4
W see 5d - 4E+3 1E-6 5E-9 - -
64 Gadol i nium 148 D, see **5Cd 1E+1 8E+3 3E-12 - - -
Bone surf Bone surf
(2E+1) (2E+2) - 2E- 14 3E-7 3E-6
W see 5d - 3E-2 1E-11 - - -
Bone surf
- (6E-2) - 8E- 14 - -
64 Gadolinium 149 D, see 3E+3 2E+3 9E-7 3E-9 4E-5 4E- 4
W see °d - 2E+3 1E-6 3E-9 - -
64 Gadolinium 151 D, see & 6E+3 4E+2 2E-7 - 9E-5 9E-4
Bone surf
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Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
- (6E+2) - 9E- 10 - -
W see 45Cd - 1E+3 5E-7 2E-9 - -
64 Gadolinium 152 D, see & 2E+1 1E-2 4E-12 - - -
Bone surf Bone surf
(3E+1) (2E-2) - 3E- 14 4E-7 4E-6
W see 5Gd - 4E- 2 2E-11 - - -
Bone surf
- (8E-2) - 1E-13 - -
64 Gadolinium 153 D, see 4 5E+3 1E+2 6E- 8 - 6E-5 6E- 4
Bone surf
- (2E+2) - 3E- 10 - -
W see & - 6E+2 2E-7 8E- 10 - -
64 Gadolinium 159 D, see %G 3E+3 8E+3 3E-6 1E-8 4E-5 4E- 4
W see 45Cd - 6E+3 2E-6 8E-9 - -
65 Terbi um 1472 W all conpounds 9E+3 3E+4 1E-5 5E-8 1E-4 1E-3
65 Terbi um 149 W all compounds 5E+3 TE+2 3E-7 1E-9 7E-5 7E-4
65 Terbi um 150 W all conpounds 5E+3 2E+4 9E- 6 3E-8 7E-5 7E-4
65 Terbium 151 W all compounds 4E+3 9E+3 4E- 6 1E-8 5E-5 5E-4
65  Terbium 153 W all conpounds 5E+3 TE+3 3E-6 1E-8 7E-5 TE-4
65 Terbi um 154 W all conpounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65  Ter bi um 155 W all conpounds 6E+3 8E+3 3E-6 1E-8 8E-5 8E-4
65 Terbi um 156m W all conpounds 2E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
(5.0 h)
65 Terbi um 156m W all conpounds 7E+3 8E+3 3E-6 1E-8 1E-4 1E-3
(24.4 h)
65  Terbi um 156 W all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbi um 157 W all compounds S5E+4 3E+2 1E-7 - - -
LLI wall Bone surf
( 5E+4) (6E+2) - 8E- 10 7E-4 7E-3
65 Terbi um 158 W all compounds 1E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65  Terbium 160 W all comnpounds 8E+2 2E+2 9E- 8 3E- 10 1E-5 1E-4
65 Terbium 161 W all compounds 2E+3 2E+3 TE-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
66 Dysprosium 155 W all conpounds 9E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
66 Dysprosium 157 W all conpounds 2E+4 6E+4 3E-5 9E- 8 3E-4 3E-3
66 Dysprosium 159 W all conpounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium 165 W all conpounds 1E+4 5E+4 2E-5 6E- 8 2E-4 2E-3
66 Dysprosium 166 W all conpounds 6E+2 TE+2 3E-7 1E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
67 Hol m um 1552 W all conpounds 4E+4 2E+5 6E-5 2E-7 6E- 4 6E- 3
67 Hol m um 1572 W all compounds 3E+5 1E+6 6E- 4 2E-6 4E- 3 4E- 2
67 Hol m um 1592 W all conpounds 2E+5 1E+6 4E- 4 1E-6 3E-3 3E-2
67 Hol m um 161 W all compounds 1E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Hol m um 162n% W all conpounds S5E+4 3E+5 1E-4 4E-7 7E-4 7E-3
67 Hol m um 1622 W all compounds 5E+5 2E+6 1E-3 3E-6 - -
St wal l
(8E+5) - - - 1E-2 1E-1
67 Hol m um 164n% W all compounds 1E+5 3E+5 1E-4 4E-7 1E-3 1E-2
67  Hol m um 1642 W all conpounds 2E+5 6E+5 3E-4 9E-7 - -
St wal |
(2E+5) - - - 3E-3 3E-2
67 Hol mi um 166m W all conpounds 6E+2 7E+0 3E-9 9E- 12 9E- 6 9E-5
67 Hol m um 166 W all conpounds 9E+2 2E+3 TE-7 2E-9 - -
LLI wall
(9E+2) - - - 1E-5 1E-4
67 Hol m um 167 W all conpounds 2E+4 6E+4 2E-5 8E- 8 2E-4 2E-3
68  Erbium 161 W all compounds 2E+4 6E+4 3E-5 9E- 8 2E-4 2E-3
68 Er bi um 165 W all compounds 6E+4 2E+5 8E-5 3E-7 9E- 4 9E- 3
68  Erbium 169 W all compounds 3E+3 3E+3 1E-6 4E-9 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
68 Erbium 171 W all comnpounds 4E+3 1E+4 4E- 6 1E-8 5E-5 5E-4
68 Er bi um 172 W all compounds 1E+3 1E+3 6E-7 2E-9 - -
LLI wall
(E+3) - - - 2E-5 2E-4
69 Thul i um 1622 W all conpounds 7E+4 3E+5 1E-4 4E-7 - -
St wal |
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
(7E+4) - - - 1E-3 1E-2
69 Thulium 166 W all conpounds 4E+3 1E+4 6E- 6 2E-8 6E-5 6E-4
69 Thulium 167 W all compounds 2E+3 2E+3 8E-7 3E-9 - -
LLI wal |
(2E+3) - - - 3E-5 3E-4
69 Thulium 170 W all compounds 8E+2 2E+2 9E- 8 3E- 10 - -
LLI wal |
(1E+3) - - - 1E-5 1E-4
69 Thulium 171 W all compounds 1E+4 3E+2 1E-7 - - -
LLI wal | Bone surf
(1E+4) (6E+2) - 8E- 10 2E-4 2E-3
69 Thulium 172 W all compounds TE+2 1E+3 5E-7 2E-9 - -
LLI wal |
(8E+2) - - - 1E-5 1E-4
69 Thulium 173 W all compounds 4E+3 1E+4 5E- 6 2E-8 6E-5 6E- 4
69 Thul i um 1752 W all conpounds 7E+4 3E+5 1E-4 4E-7 - -
St wal |
(9E+4) - - - 1E-3 1E-2
70 Ytterbium 1622 W all conpounds except
those given for Y TE+4 3E+5 1E-4 4E-7 1E-3 1E-2
Y, oxides, hydroxides,
and fluorides - 3E+5 1E-4 4E-7 - -
70 Ytterbium 166 W see 162Yb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
Y, see 162Yp - 2E+3 8E-7 3E-9 - -
70 Ytterbium 1672 W see 162Yb 3E+5 8E+5 3E-4 1E-6 4E- 3 4E-2
Y, see 162Yp - TE+5 3E-4 1E-6 - -
70 Ytterbium 169 W see 162Yb 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
Y, see 162Yp - TE+2 3E-7 1E-9 - -
70 Ytterbium 175 W see 162Yb 3E+3 4E+3 1E-6 5E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E- 4
Y, see 162Yh - 3E+3 1E-6 5E-9 - -
70 Ytterbium 1772 W see 162Yb 2E+4 5E+4 2E-5 7E-8 2E- 4 2E-3
Y, see 162Yp - 5E+4 2E-5 6E- 8 - -
70 Ytterbium 1782 W see 162Yb 1E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
Y, see 1%2Yh - 4E+4 2E-5 5E-8 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
71 Lutetium 169 W all conpounds except
those given for Y 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4
Y, oxides, hydroxides,
and fluorides - 4E+3 2E-6 6E-9 - -
71  Lutetium 170 W see 1%9Lu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4
Y, see 1%Ly - 2E+3 8E-7 3E-9 - -
71 Lutetium171 W see 1%9Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4
Y, see ®°Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium172 W see 1%9Lu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
Y, see ®°Lu - 1E+3 5E-7 2E-9 - -
71 Lutetium 173 W see %°Lu S5E+3 3E+2 1E-7 - 7E-5 7E-4
Bone surf
- (5E+2) - 6E- 10 - -
Y, see ®°Lu - 3E+2 1E-7 4E- 10 - -
71 Lutetium 174m W see 169y 2E+3 2E+2 1E-7 - - -
LLI wall Bone surf
(3E+3) (3E+2) - 5E- 10 4E-5 4E- 4
Y, see 1%Ly - 2E+2 9E- 8 3E- 10 - -
71 Lutetium 174 W see 1%9Lu 5E+3 1E+2 5E-8 - 7E-5 7E-4
Bone surf
- (2E+2) - 3E-10 - -
Y, see 1%Ly - 2E+2 6E- 8 2E- 10 - -
71 Lutetium176m W see 1%°Lu 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
Y, see ®°Lu - 2E+4 9E- 6 3E-8 - -
71 Lutetium 176 W see 1%9Lu TE+2 5E+0 2E-9 - 1E-5 1E-4
Bone surf
- (1E+1) - 2E-11 - -
Y, see 1%Ly - 8E+0 3E-9 1E-11 - -
71 Lutetium177m W see '%°Lu TE+2 1E+2 5E-8 - 1E-5 1E-4
Bone surf
- (1E+2) - 2E- 10 - -
Y, see 1%Ly - 8E+1 3E-8 1E- 10 - -
71 Lutetium 177 W see 1%9Lu 2E+3 2E+3 9E- 7 3E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E- 4
Y, see '®°Lu - 2E+3 9E- 7 3E-9 - -
71 Lutetium 178nt W see 1%°Lu S5E+4 2E+5 8E-5 3E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
Y, see '®°Lu - 2E+5 7E-5 2E-7 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
71 Lutetium 1782 W see 169y 4E+4 1E+5 5E-5 2E-7 - -
St wal |
(4E+4) - - - 6E- 4 6E-3
Y, see 1%Ly - 1E+5 5E-5 2E-7 - -
71  Lutetium 179 W see 1%9Lu 6E+3 2E+4 8E- 6 3E-8 9E-5 9E- 4
Y, see 1%Ly - 2E+4 6E- 6 3E-8 - -
72 Haf nium 170 D, all conpounds except
those given for W 3E+3 6E+3 2E-6 8E-9 4E-5 4E- 4
W oxides, hydroxides,
carbi des, and nitrates - 5E+3 2E-6 6E-9 - -
72 Haf ni um 172 D, see '70Hf 1E+3 9E+0 4E-9 - 2E-5 2E- 4
Bone surf
- (2E+1) - 3E-11 - -
W see 170Hf - 4E+1 2E-8 - - -
Bone surf
- (6E+1) - 8E-11 - -
72  Haf nium 173 D, see '7°Hf 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W see 17°Hf - 1E+4 5E- 6 2E-8 - -
72 Haf nium 175 D, see '7°Hf 3E+3 9E+2 4E-7 - 4E-5 4E- 4
Bone surf
- (1E+3) - 1E-9 - -
W see 170Hf - 1E+3 5E-7 2E-9 - -
72 Haf ni um 177nt D, see '7°Hf 2E+4 6E+4 2E-5 8E- 8 3E-4 3E-3
W see 70Hf - 9E+4 4E-5 1E-7 - -
72 Haf ni um 178m D, see '7°Hf 3E+2 1E+0 5E- 10 - 3E-6 3E-5
Bone surf
- (2E+0) - 3E- 12 - -
W see 170Hf - 5E+0 2E-9 - - -
Bone surf
- (9E+0) - 1E-11 - -
72 Haf ni um 179m D, see '70Hf 1E+3 3E+2 1E-7 - 1E-5 1E-4
Bone surf
- (6E+2) - 8E- 10 - -
W see 70Hf - 6E+2 3E-7 8E- 10 - -
72 Haf ni um 180m D, see 170Hf 7E+3 2E+4 9E- 6 3E-8 1E-4 1E-3
W see 70Hf - 3E+4 1E-5 4E- 8 - -
72 Haf ni um 181 D, see '70Hf 1E+3 2E+2 7E-8 - 2E-5 2E- 4
Bone surf
- (4E+2) - 6E- 10 - -
W see 70Hf - 4E+2 2E-7 6E- 10 - -
72 Haf ni um 182n% D, see '70Hf 4E+4 9E+4 4E-5 1E-7 5E- 4 5E-3
W see 70Hf - 1E+5 6E-5 2E-7 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
72 Haf nium 182 D, see '7OHf 2E+2 8E-1 3E- 10 - - -
Bone surf Bone surf
(4E+2) (2E+0) - 2E-12 5E-6 5E-5
W see 170Hf - 3E+0 1E-9 - - -
Bone surf
- ( 7E+0) - 1E-11 - -
72  Haf ni um 1832 D, see '7OHf 2E+4 5E+4 2E-5 6E- 8 3E-4 3E-3
W see 70Hf - 6E+4 2E-5 8E- 8 - -
72 Haf nium 184 D, see '7°Hf 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W see 70Hf - 6E+3 3E-6 9E- 9 - -

73 Tantal um 1722 W all conpounds except
those given for Y 4E+4 1E+5 5E-5 2E-7 5E-4 5E- 3
Y, elenental Ta, oxides,
hydr oxi des, hali des,
carbi des, nitrates,

and nitrides - 1E+5 4E-5 1E-7 - -

73 Tantalum 173 W see 172Ta 7TE+3 2E+4 8E- 6 3E-8 9E-5 9E- 4
Y, see '"2Ta - 2E+4 7E- 6 2E-8 - -

73 Tantal um 1742 W see 172Ta 3E+4 1E+5 4E-5 1E-7 4E- 4 4E-3
Y, see '?Ta - 9E+4 4E-5 1E-7 - -

73 Tantalum 175 W see 1"2Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
Y, see 12Ta - 1E+4 6E- 6 2E-8 - -

73 Tantalum 176 W see 172Ta 4E+3 1E+4 5E- 6 2E-8 5E-5 5E-4
Y, see '"?Ta - 1E+4 5E-6 2E-8 - -

73 Tantal um 177 W see 172Ta 1E+4 2E+4 8E- 6 3E-8 2E-4 2E-3
Y, see '?Ta - 2E+4 7E-6 2E-8 - -

73 Tantalum 178 W see !72Ta 2E+4 9E+4 4E-5 1E-7 2E-4 2E-3
Y, see '?Ta - TE+4 3E-5 1E-7 - -

73 Tantal um 179 W see 172Ta 2E+4 5E+3 2E-6 8E-9 3E-4 3E-3
Y, see 172Ta - 9E+2 4E-7 1E-9 - -

73 Tantalum 180m W see '72Ta 2E+4 TE+4 3E-5 9E- 8 3E-4 3E-3
Y, see "?Ta - 6E+4 2E-5 8E-8 - -

73 Tantal um 180 W see 172Ta 1E+3 4E+2 2E-7 6E- 10 2E-5 2E-4
Y, see '?Ta - 2E+1 1E-8 3E-11 - -
73 Tantal um 182nt W see 172Ta 2E+5 5E+5 2E-4 8E-7 - -

St wal |

(2E+5) - - - 3E-3 3E-2
Y, see '?Ta - 4E+5 2E-4 6E-7 - -

73 Tantal um 182 W see !72Ta 8E+2 3E+2 1E-7 5E- 10 1E-5 1E-4
Y, see '?Ta - 1E+2 6E- 8 2E- 10 - -
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Col. 1 Col . Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At om ¢ Radi onucl i de Cl ass ALl ALI DAC Ar Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
73 Tantal um 183 W see 172Ta 9E+2 1E+3 5E-7 2E-9 - -
LLI wal |
(1E+3) - - - 2E-5 2E-4
Y, see '72Ta - 1E+3 4E-7 1E-9 - -
73 Tantalum 184 W see 1"2Ta 2E+3 5E+3 2E-6 8E-9 3E-5 3E-4
Y, see '2Ta - 5E+3 2E-6 7E-9 - -
73 Tantal um 1852 W see !"2Ta 3E+4 TE+4 3E-5 1E-7 4E-4 4E- 3
Y, see '72Ta - 6E+4 3E-5 9E- 8 - -
73 Tantal um 1862 W see 172Ta S5E+4 2E+5 1E-4 3E-7 - -
St wal |
(7E+4) - - - 1E-3 1E-2
Y, see 172Ta - 2E+5 9E-5 3E-7 - -
74  Tungsten-176 D, all conpounds 1E+4 5E+4 2E-5 7E-8 1E-4 1E-3
74  Tungsten-177 D, all conpounds 2E+4 9E+4 4E-5 1E-7 3E-4 3E-3
74  Tungsten-178 D, all conpounds 5E+3 2E+4 8E- 6 3E-8 7E-5 7E-4
74  Tungsten-179? D, all conpounds 5E+5 2E+6 7E-4 2E-6 7E-3 TE-2
74  Tungsten-181 D, all conpounds 2E+4 3E+4 1E-5 5E-8 2E-4 2E-3
74  Tungsten-185 D, all conpounds 2E+3 TE+3 3E-6 9E-9 - -
LLI wal |
(3E+3) - - - 4E-5 4E- 4
74  Tungsten-187 D, all conpounds 2E+3 9E+3 4E- 6 1E-8 3E-5 3E-4
74  Tungsten-188 D, all conpounds 4E+2 1E+3 5E-7 2E-9 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
75 Rhenium 1772 D, all conpounds except
those given for W 9E+4 3E+5 1E-4 4E-7 - -
St wal l
(1E+5) - - - 2E-3 2E-2
W oxi des, hydroxides,
and nitrates - 4E+5 1E-4 5E-7 - -
75 Rheni um 1782 D, see '""Re TE+4 3E+5 1E-4 4E-7 - -
St wall
(1E+5) - - - 1E-3 1E-2
W see !"7Re - 3E+5 1E-4 4E-7 - -
75 Rhenium 181 D, see '""'Re 5E+3 9E+3 4E- 6 1E-8 7E-5 7E-4
W see !"7Re - 9E+3 4E- 6 1E-8 - -
75 Rheni um 182 D, see '""Re TE+3 1E+4 5E-6 2E-8 9E-5 9E-4
(12.7 h) W see !"Re - 2E+4 6E- 6 2E-8 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
75 Rheni um 182 D, see '""'Re 1E+3 2E+3 1E-6 3E-9 2E-5 2E-4
(64.0 h) W see '""Re - 2E+3 9E-7 3E-9 - -
75 Rhenium 184m D, see '""'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W see !"7Re - 4E+2 2E-7 6E- 10 - -
75 Rhenium 184 D, see '""'Re 2E+3 4E+3 1E-6 5E-9 3E-5 3E-4
W see !"7Re - 1E+3 6E-7 2E-9 - -
75 Rheni um 186m D, see '""Re 1E+3 2E+3 TE-7 - - -
St wal | St wal l
(2E+3) (2E+3) - 3E-9 2E-5 2E-4
W see !"7Re - 2E+2 6E-8 2E-10 - -
75 Rheni um 186 D, see !""Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W see !""Re - 2E+3 TE-7 2E-9 - -
75 Rheni um 187 D, see '""Re 6E+5 8E+5 4E- 4 - 8E- 3 8E- 2
St wal |
- (9E+5) - 1E-6 - -
W see !"7Re - 1E+5 4E-5 1E-7 - -
75 Rheni um 188nt D, see '""Re 8E+4 1E+5 6E-5 2E-7 1E- 3 1E-2
W see !""Re - 1E+5 6E-5 2E-7 - -
75 Rhenium 188 D, see '""'Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4
W see !"7Re - 3E+3 1E-6 4E-9 - -
75 Rhenium 189 D, see '""'Re 3E+3 5E+3 2E-6 7E-9 4E-5 4E- 4
W see !"7Re - 4E+3 2E-6 6E-9 - -
76  Osmium 1802 D, all conpounds except
those given for Wand Y 1E+5 4E+5 2E-4 5E-7 1E-3 1E-2
W halides and nitrates - 5E+5 2E-4 TE-7 - -
Y, oxides and hydroxides - 5E+5 2E-4 6E-7 - -
76  Osmium 1812 D, see 189Cs 1E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
W see 18°Cs - 5E+4 2E-5 6E- 8 - -
Y, see 8°Cs - AE+4 2E-5 6E- 8 - -
76  Osmum 182 D, see 189Cs 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W see 18°Cs - 4E+3 2E-6 6E-9 - -
Y, see 8°Cs - 4E+3 2E-6 6E-9 - -
76  Osmum 185 D, see 189Cs 2E+3 5E+2 2E-7 7E- 10 3E-5 3E-4
W see 18°Cs - 8E+2 3E-7 1E-9 - -
Y, see 8°Cs - 8E+2 3E-7 1E-9 - -
76  Osmium 189m D, see 189Cs 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W see 18°Cs - 2E+5 9E-5 3E-7 - -
Y, see 18Cs - 2E+5 7E-5 2E-7 - -
76  Osmium 191m D, see 189Cs 1E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
W see 8°Cs - 2E+4 8E- 6 3E-8 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
Y, see 18Cs - 2E+4 7E- 6 2E-8 - -
76  Osmium 191 D, see 189Cs 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(3E+3) - - - 3E-5 3E-4
W see 18°Cs - 2E+3 TE-7 2E-9 - -
Y, see '8°Cs - 1E+3 6E-7 2E-9 - -
76  Osmum 193 D, see 189Cs 2E+3 5E+3 2E-6 6E-9 - -
LLI wal |
(2E+3) - - - 2E-5 2E-4
W see 8°Cs - 3E+3 1E-6 4E-9 - -
Y, see 18Cs - 3E+3 1E-6 4E-9 - -
76 Gsmi um 194 D, see 89Cs 4E+2 4E+1 2E-8 6E-11 - -
LLI wall
(6E+2) - - - 8E- 6 8E-5
W see 189Cs - 6E+1 2E-8 8E- 11 - -
Y, see 180Cs - 8E+0 3E-9 1E-11 - -
77 Iridium 1822 D, all conpounds except
those given for Wand Y 4E+4 1E+5 6E-5 2E-7 - -
St wal |
(4E+4) - - - 6E- 4 6E- 3
W halides, nitrates,
and netallic iridium - 2E+5 6E-5 2E-7 - -
Y, oxides and hydroxides -1E+5 5E-5 2E-7 - -
77 lridium 184 D, see 182|r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W see 82|y - 3E+4 1E-5 5E-8 - -
Y, see 182|r - 3E+4 1E-5 4E- 8 - -
77 lridium 185 D, see 182|r 5E+3 1E+4 5E- 6 2E-8 7E-5 7E-4
W see 82|y - 1E+4 5E- 6 2E-8 - -
Y, see 182|r - 1E+4 4E- 6 1E- 8 - -
77 lridium 186 D, see 182|r 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W see 82|y - 6E+3 3E-6 9E-9 - -
Y, see 82|r - 6E+3 2E-6 8E-9 - -
77 Iridium 187 D, see 182|r 1E+4 3E+4 1E-5 5E- 8 1E-4 1E-3
W see 82|y - 3E+4 1E-5 4E-8 - -
Y, see 182|r - 3E+4 1E-5 4E- 8 - -
77 Iridium 188 D, see 182|r 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
W see 82|y - 4E+3 1E-6 5E-9 - -
Y, see 82|r - 3E+3 1E-6 5E-9 - -
77 Iridium 189 D, see 182|r 5E+3 5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 7E-5 7E-4
W see 82|r - 4E+3 2E-6 5E-9 - -
Y, see 82|r - 4E+3 1E-6 5E-9 - -

D-93



Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
77  Iridium 190n? D, see '8|r 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
W see 82|r - 2E+5 9E-5 3E-7 - -
Y, see 18|r - 2E+5 8E-5 3E-7 - -
77 Iridium 190 D, see '8|r 1E+3 9E+2 4E-7 1E-9 1E-5 1E-4
W see 82|r - 1E+3 4E-7 1E-9 - -
Y, see 18|r - 9E+2 4E-7 1E-9 - -
77 Iridium192m D, see '8|r 3E+3 9E+1 4E- 8 1E- 10 4E-5 4E- 4
W see 82|r - 2E+2 9E- 8 3E- 10 - -
Y, see 18|r - 2E+1 6E-9 2E-11 - -
77 lridium192 D, see '8|r 9E+2 3E+2 1E-7 4E- 10 1E-5 1E-4
W see 82|r - 4E+2 2E-7 6E- 10 - -
Y, see 182|r - 2E+2 9E-8 3E-10 - -
77 Iridium194m D, see 8|r 6E+2 9E+1 4E- 8 1E- 10 9E- 6 9E-5
W see 82|r - 2E+2 7E-8 2E-10 - -
Y, see 182|r - 1E+2 4E- 8 1E- 10 - -
77 lridium 194 D, see 8|r 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W see 82|r - 2E+3 9E- 7 3E-9 - -
Y, see 182|r - 2E+3 8E-7 3E-9 - -
77 Iridium195m D, see 8|r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W see 82|r - 3E+4 1E-5 4E- 8 - -
Y, see 8|r - 2E+4 9E- 6 3E-8 - -
77 lridium 195 D, see 8|r 1E+4 A4E+4 2E-5 6E- 8 2E-4 2E-3
W see 82|r - 5E+4 2E-5 7E-8 - -
Y, see 8|r - 4E+4 2E-5 6E-8 - -
78 Pl ati num 186 D, all conpounds 1E+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum 188 D, all conpounds 2E+3 2E+3 TE-7 2E-9 2E-5 2E-4
78 Pl ati num 189 D, all conpounds 1E+4 3E+4 1E-5 4E- 8 1E-4 1E-3
78 Platinum 191 D, all conpounds 4E+3 8E+3 4E- 6 1E-8 5E-5 5E-4
78 Pl ati num 193m D, all conpounds 3E+3 6E+3 3E-6 8E-9 - -
LLI wall
(3E+4) - - - 4E-5 4E- 4
78 Pl ati num 193 D, all conpounds AE+4 2E+4 1E-5 3E-8 - -
LLI wall
(5E+4) - - - 6E- 4 6E- 3
78 Pl ati num 195m D, all conpounds 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
78 Pl ati num 197nt* D, all conpounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
78 Pl ati num 197 D, all conpounds 3E+3 1E+4 4E- 6 1E-8 4E-5 4E- 4
78 Pl ati num 1992 D, all conpounds S5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
78 Pl ati num 200 D, all conpounds 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
79 ol d-193 D, all conpounds except
those given for Wand Y 9E+3 3E+4 1E-5 4E- 8 1E-4 1E-3
W halides and nitrates - 2E+4 9E- 6 3E-8 - -
Y, oxides and hydroxides - 2E+4 8E- 6 3E-8 - -
79 ol d-194 D, see 9Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E- 4
W see 19Au - 5E+3 2E-6 8E-9 - -
Y, see '%3Au - 5E+3 2E-6 7E-9 - -
79 ol d- 195 D, see 1%Au 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W see 19Au - 1E+3 6E-7 2E-9 - -
Y, see '%3Au - 4E+2 2E-7 6E- 10 - -
79 ol d-198m D, see 1%Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W see 19Au - 1E+3 5E-7 2E-9 - -
Y, see '%3Au - 1E+3 5E-7 2E-9 - -
79 ol d-198 D, see 1%Au 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W see 19Au - 2E+3 8E-7 3E-9 - -
Y, see '%3Au - 2E+3 TE-7 2E-9 - -
79 ol d-199 D, see %Au 3E+3 9E+3 4E- 6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E- 4
W see !°3Au - 4E+3 2E-6 6E-9 - -
Y, see 193Au - 4E+3 2E-6 5E-9 - -
79 ol d-200m D, see '%Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W see 19Au - 3E+3 1E-6 4E-9 - -
Y, see 193Au - 2E+4 1E-6 3E-9 - -
79 ol d- 2002 D, see '%Au 3E+4 6E+4 3E-5 9E- 8 4E- 4 4E-3
W see 19Au - 8E+4 3E-5 1E-7 - -
Y, see 1°Au - TE+4 3E-5 1E-7 - -
79 ol d-2012 D, see %Au TE+4 2E+5 9E-5 3E-7 - -
St wal l
(9E+4) - - - 1E-3 1E-2
W see 19Au - 2E+5 1E-4 3E-7 - -
Y, see 1%3Au - 2E+5 9E-5 3E-7 - -
80  Mercury-193m Vapor - 8E+3 4E- 6 1E-8 - -
Organic D 4E+3 1E+4 5E- 6 2E-8 6E-5 6E- 4
D, sulfates 3E+3 9E+3 4E- 6 1E-8 4E-5 4E- 4
W oxi des, hydroxides,
halides, nitrates, and
sul fides - 8E+3 3E-6 1E-8 - -
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At om ¢ Radi onucl i de Cl ass ALl ALI DAC Ar Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
80  Mercury-193 Vapor - 3E+4 1E-5 4E- 8 - -
O ganic D 2E+4 6E+4 3E-5 9E- 8 3E-4 3E-3
D, see 19mHg 2E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
W see 193mHg - AE+4 2E-5 6E- 8 - -
80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
O ganic D 2E+1 3E+1 1E-8 4E-11 2E-7 2E- 6
D, see 19mHg 8E+2 4E+1 2E-8 6E-11 1E-5 1E-4
W see 193mHg - 1E+2 5E-8 2E-10 - -
80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - -
O ganic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E- 4
D, see 19mHg 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
W see 19mHg - 4E+3 2E-6 5E-9 - -
80 Mercury-195 Vapor - 3E+4 1E-5 4E- 8 - -
O ganic D 2E+4 5E+4 2E-5 6E- 8 2E-4 2E-3
D, see 19mHg 1E+4 4E+4 1E-5 5E- 8 2E-4 2E-3
W see 19mHg - 3E+4 1E-5 5E-8 - -
80 Mercury-197m Vapor - 5E+3 2E-6 7E-9 - -
Oganic D 4E+3 9E+3 4E- 6 1E-8 5E-5 5E-4
D, see 19mHg 3E+3 7TE+3 3E-6 1E-8 4E-5 4E- 4
W see 19mHg - 5E+3 2E-6 7E-9 - -
80  Mercury-197 Vapor - 8E+3 4E- 6 1E-8 - -
Organic D TE+3 1E+4 6E-6 2E-8 9E-5 9E-4
D, see '9mHg 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W see 193mHg - 9E+3 4E- 6 1E-8 - -
80  Mercury-199n? Vapor - 8E+4 3E-5 1E-7 - -
O ganic D 6E+4 2E+5 7E-5 2E-7 - -
St wal l
(1E+5) - - - 1E-3 1E-2
D, see 19mHg 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
W see 19mHg - 2E+5 7E-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Oganic D 5E+2 8E+2 3E-7 1E-9 7E- 6 7E-5
D, see 9mHg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
W see 19mHg - 1E+3 S5E-7 2E-9 - -
81 Thallium194nt* D, all conpounds 5E+4 2E+5 6E-5 2E-7 - -
St wal |
( 7E+4) - - - 1E-3 1E-2
81 Thal lium 1942 D, all conpounds 3E+5 6E+5 2E-4 8E-7 - -
St wal |
( 3E+5) - - - 4E-3 4E-2
81 Thallium 1952 D, all conpounds 6E+4 1E+5 5E-5 2E-7 9E- 4 9E- 3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
81 Thallium 197 D, all conpounds TE+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium198nt D, all conpounds 3E+4 5E+4 2E-5 8E-8 4E- 4 4E-3
81 Thallium 198 D, all conpounds 2E+4 3E+4 1E-5 5E- 8 3E-4 3E-3
81 Thallium 199 D, all conpounds 6E+4 8E+4 4E-5 1E-7 9E- 4 9E- 3
81 Thallium 200 D, all conpounds 8E+3 1E+4 5E- 6 2E-8 1E-4 1E-3
81 Thallium 201 D, all conpounds 2E+4 2E+4 9E- 6 3E-8 2E-4 2E-3
81 Thallium 202 D, all conpounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
81 Thallium 204 D, all conpounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead- 195n? D, all conpounds 6E+4 2E+5 8E-5 3E-7 8E- 4 8E-3
82 Lead- 198 D, all conpounds 3E+4 6E+4 3E-5 9E- 8 4E- 4 4E- 3
82 Lead- 1992 D, all conpounds 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
82 Lead- 200 D, all conpounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E- 4
82 Lead-201 D, all conpounds 7TE+3 2E+4 8E- 6 3E-8 1E-4 1E-3
82 Lead-202m D, all conpounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
82 Lead-202 D, all conpounds 1E+2 5E+1 2E-8 7E-11 2E-6 2E-5
82 Lead-203 D, all conpounds 5E+3 9E+3 4E- 6 1E-8 7E-5 TE-4
82 Lead- 205 D, all conpounds 4E+3 1E+3 6E-7 2E-9 5E-5 5E-4
82 Lead-209 D, all conpounds 2E+4 6E+4 2E-5 8E- 8 3E-4 3E-3
82 Lead- 210 D, all conpounds 6E1 2E1 1E-10 - - -
Bone surf Bone surf
( 1LE+0) (4E-1) - 6E-13 1E-8 1E-7
82 Lead- 2112 D, all conpounds 1E+4 6E+2 3E-7 9E- 10 2E-4 2E-3
82 Lead-212 D, all conpounds 8E+1 3E+1 1E-8 5E- 11 - -
Bone surf
(1E+2) - - - 2E-6 2E-5
82 Lead- 2142 D, all conpounds 9E+3 8E+2 3E-7 1E-9 1E-4 1E-3
83  Bi smut h- 2002 D, nitrates 3E+4 8E+4 4E-5 1E-7 4E- 4 4E-3
W all other conpounds - 1E+5 4E-5 1E-7 - -
83 Bi snmut h- 2012 D, see 200Bi 1E+4 3E+4 1E-5 4E- 8 2E-4 2E-3
W see 200Bi - AE+4 2E-5 5E- 8 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col .
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
83  Bi snut h-2022 D, see 200Bj 1E+4 4E+4 2E-5 6E- 8 2E-4 2E-3
W see 200Bj - 8E+4 3E-5 1E-7 - -
83  Bisnuth-203 D, see 200Bj 2E+3 7TE+3 3E-6 9E-9 3E-5 3E-4
W see 200Bj - 6E+3 3E-6 9E-9 - -
83  Bisnuth-205 D, see 2°°Bi 1E+3 3E+3 1E-6 3E-9 2E-5 2E-4
W see 200Bj - 1E+3 5E-7 2E-9 - -
83  Bisnuth-206 D, see 2°°Bj 6E+2 1E+3 6E-7 2E-9 9E- 6 9E-5
W see 200Bj - 9E+2 4E-7 1E-9 - -
83  Bisnuth-207 D, see 200Bj 1E+3 2E+3 TE-7 2E-9 1E-5 1E-4
W see 200Bj - 4E+2 1E-7 5E- 10 - -
83  Bisnuth-210m D, see 200Bj 4E+1 5E+0 2E-9 - - -
Ki dneys Ki dneys
(BE+1) ( 6E+0) - 9E-12 8E-7 8E-6
W see 200Bi - 7TE-1 3E-10 9E- 13 - -
83  Bisnuth-210 D, see 200Bj 8E+2 2E+2 1E-7 - 1E-5 1E-4
- Ki dneys
- (4E+2) - 5E- 10 - -
W see 200Bj - 3E+1 1E-8 4E-11 - -
83  Bisnuth-2122 D, see 200Bj 5E+3 2E+2 1E-7 3E-10 7E-5 7E-4
W see 200Bj - 3E+2 1E-7 4E- 10 - -
83  Bisnuth-2132 D, see 200Bj TE+3 3E+2 1E-7 4E- 10 1E-4 1E-3
W see 200Bj - 4E+2 1E-7 5E- 10 - -
83  Bisnuth-2142 D, see 2°°Bi 2E+4 8E+2 3E-7 1E-9 - -
St wal |
(2E+4) - - - 3E-4 3E-3
W see 200Bj - 9E- 2 4E-7 1E-9 - -
84  Pol oni um 2032 D, all conpounds except
those given for W 3E+4 6E+4 3E-5 9E- 8 3E-4 3E-3
W oxi des, hydroxides,
and nitrates - 9E+4 4E-5 1E-7 - -
84  Pol oni um 2052 D, see 293Pg 2E+4 4E+4 2E-5 5E-8 3E-4 3E-3
W see 203pg - TE+4 3E-5 1E-7 - -
84  Pol oni um 207 D, see 203Po 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W see 203pg - 3E+4 1E-5 4E- 8 - -
84  Pol oni um 210 D, see 293Po 3E+0 6E-1 3E-10 9E- 13 4E-8 4E-7
W see 203Po - 6E-1 3E-10 9E- 13 - -
85 Astatine-207? D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4
w - 2E+3 9E-7 3E-9 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
85 Astatine-211 D, halides 1E+2 8E+1 3E-8 1E- 10 2E-6 2E-5
W - S5E+1 2E-8 8E-11 - -
86 Radon- 220 Wth daughters renmpved - 2E+4 7E-6 2E-8 - -
Wth daughters present - 2E+1 9E- 9 3E-11 - -
(or 12 working (or 1.0
| evel mont hsyor ki ng
| evel)
86 Radon- 222 Wth daughters renoved - 1E+4 4E- 6 1E-8 - -
Wth daughters present - 1E+2 3E-8 1E- 10 - -
(or 4 workingor 0.33
| evel mont hsyor ki ng
| evel)
87 Franci um 2222 D, all conpounds 2E+3 5E+2 2E-7 6E- 10 3E-5 3E-4
87  Francium 2232 D, all conpounds 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5
88 Radi um 223 W all conpounds 5E+0 7E-1 3E- 10 9E- 13 - -
Bone surf
( 9E+0) - - - 1E-7 1E-6
88 Radi um 224 W all conpounds 8E+0 2E+0 7E- 10 2E-12 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radi um 225 W all conpounds 8E+0 7E-1 3E-10 9E- 13 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radi um 226 W all conpounds 2E+0 6E-1 3E-10 9E- 13 - -
Bone surf
(5E+0) - - - 6E- 8 6E-7
88 Radi um 2272 W all conpounds 2E+4 1E+4 6E- 6 - - -
Bone surf Bone surf
(2E+4) (2E+4) - 3E-8 3E-4 3E-3
88 Radi um 228 W all conpounds 2E+0 1E+0 5E- 10 2E-12 - -
Bone surf
(4E+0) - - - 6E- 8 6E-7
89  Actinium 224 D, all conpounds except
those given for Wand Y 2E+3 3E+1 1E-8 - - -
LLI wall Bone surf
(2E+3) (4E+1) - 5E-11 3E-5 3E-4
W halides and nitrates - 5E+1 2E-8 7E-11 - -
Y, oxides and hydroxi des - 5E+1 2E-8 6E- 11 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
89 Actinium225 D, see 224Ac 5E+1 3E-1 1E-10 - - -
LLI wall Bone surf
(5E+1) (5E-1) - 7E- 13 TE-7 7E-6
W see 224Ac - 6E-1 3E- 10 9E- 13 - -
Y, see 2?*Ac - 6E-1 3E- 10 9E- 13 - -
89 Actinium 226 D, see 224Ac 1E+2 3E+0 1E-9 - - -
LLI wall Bone surf
(1E+2) (4E+0) - 5E-12 2E-6 2E-5
W see 224Ac - 5E+0 2E-9 TE-12 - -
Y, see 224Ac - 5E+0 2E-9 6E- 12 - -
89  Actinium 227 D, see 224Ac 2E-1 4E- 4 2E- 13 - - -
Bone surf Bone surf
(4E-1) (8E-4) - 1E- 15 5E-9 5E-8
W see 224Ac - 2E-3 7E-13 - - -
Bone surf
- (3E-3) - 4E-15 - -
Y, see 224Ac - 4E- 3 2E-12 6E- 15 - -
89 Actinium 228 D, see 22*Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone surf
- (2E+1) - 2E-11 - -
W see 224Ac - 4E+1 2E-8 - - -
Bone surf
- (6E+1) - 8E- 11 - -
Y, see 2?*Ac - 4E+1 2E-8 6E- 11 - -
90 Thorium 2262 W all conpounds except
those given for Y 5E+3 2E+2 6E- 8 2E- 10 - -
St wal |
(5E+3) - - - 7E-5 7E-4
Y, oxides and hydroxi des - 1E+2 6E- 8 2E- 10 - -
90 Thorium 227 W see 226Th 1E+2 3E-1 1E- 10 5E-13 2E-6 2E-5
Y, see 226Th - 3E-1 1E- 10 5E-13 - -
90 Thorium 228 W see 226Th 6E+0 1E-2 4E- 12 - - -
Bone surf Bone surf
(1E+1) (2E-2) - 3E-14 2E-7 2E-6
Y, see 226Th - 2E-2 7E-12 2E- 14 - -
90 Thorium 229 W see 226Th 6E-1 9E- 4 4E- 13 - - -
Bone surf Bone surf
(1E+0) (2E-3) - 3E- 15 2E-8 2E-7
Y, see 226Th - 2E-3 1E-12 - - -
Bone surf
- (3E-3) - 4E-15 - -
90 Thorium 230 W see 226Th 4E+0 6E- 3 3E-12 - - -
Bone surf Bone surf
( 9E+0) (2E-2) - 2E- 14 1E-7 1E-6
Y, see 226Th - 2E-2 6E- 12 - - -
Bone surf
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
- (2E-2) - 3E- 14 - -
90 Thorium 231 W see 225Th 4E+3 6E+3 3E-6 9E-9 5E-5 5E-4
Y, see 226Th - 6E+3 3E-6 9E- 9 - -
90 Thorium 232 W see 226Th 7E-1 1E- 3 5E-13 - - -
Bone surf Bone surf
(2E+0) (3E-3) - 4E- 15 3E-8 3E-7
Y, see 226Th - 3E-3 1E-12 - - -
Bone surf
- (4E-3) - 6E- 15 - -
90 Thorium 234 W see 226Th 3E+2 2E+2 8E- 8 3E- 10 - -
LLI wal |
(4E+2) - - - 5E- 6 5E-5
Y, see 226Th - 2E+2 6E- 8 2E- 10 - -
91 Protactinium2272 W all conpounds except
those given for Y 4E+3 1E+2 5E- 8 2E- 10 5E-5 5E-4
Y, oxides and hydroxi des - 1E+2 4E- 8 1E- 10 - -
91 Protacti nium 228 W see 2?27Pa 1E+3 1E+1 5E-9 - 2E-5 2E-4
Bone surf
- (2E+1) - 3E-11 - -
Y, see 2?7Pa - 1E+1 5E-9 2E-11 - -
91 Protacti nium 230 W see 227Pa 6E+2 5E+0 2E-9 7E-12 - -
Bone surf
(9E+2) - - - 1E-5 1E-4
Y, see 2?7Pa - 4E+0 1E-9 5E-12 - -
91 Protactinium 231 W see 227Pa 2E-1 2E-3 6E- 13 - - -
Bone surf Bone surf
(5E-1) (4E-3) - 6E- 15 6E-9 6E- 8
Y, see 227pg - 4E-3 2E-12 - - -
Bone surf
- (6E-3) - 8E- 15 - -
91 Protacti nium 232 W see 227Pa 1E+3 2E+1 9E-9 - 2E-5 2E-4
Bone surf
- (6E+1) - 8E- 11 - -
Y, see 2?7Pa - 6E+1 2E-8 - - -
Bone surf
- (7E+1) - 1E- 10 - -
91 Protactinium 233 W see 2?27Pa 1E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
Y, see 2?7Pa - 6E+2 2E-7 8E- 10 - -
91 Protactinium234 W see ??27Pa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
Y, see 227Pa - 7TE+3 3E-6 9E- 9 - -

D-101



Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
92  Urani um 230 D, UF, UCF, UQNO 4E+0 4E-1 2E- 10 - - -
Bone surf Bone surf
(6E+0) (6E-1) - 8E- 13 8E- 8 8E-7
W UO UF, ud - 4E-1 1E- 10 5E- 13 - -
Y, UO, UO - 3E-1 1E- 10 4E- 13 - -
92  Uranium 231 D, see 23°U 5E+3 8E+3 3E-6 1E-8 - -
LLI wall
(4E+3) - - - 6E-5 6E- 4
W see 230U - 6E+3 2E-6 8E-9 - -
Y, see 230U - 5E+3 2E-6 6E-9 - -
92  Urani um 232 D, see 23°U 2E+0 2E-1 9E- 11 - - -
Bone surf Bone surf
(4E+0) (4E-1) - 6E-13 6E-8 6E-7
W see 230U - 4E-1 2E- 10 5E- 13 - -
Y, see 230U - 8E-3 3E-12 1E- 14 - -
92 Ur ani um 233 D, see 230y 1E+1 1E+0 5E- 10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W see 23°U - 7E-1 3E- 10 1E-12 - -
Y, see 230U - 4E- 2 2E-11 5E-14 - -
92  Urani um 2343 D, see 23°U 1E+1 1E+0 5E- 10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W see 230U - 7E-1 3E- 10 1E-12 - -
Y, see 230U - 4E- 2 2E-11 5E- 14 - -
92  Urani um 2353 D, see 230U 1E+1 1E+0 6E- 10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W see 230U - 8E-1 3E- 10 1E-12 - -
Y, see 230U - 4E- 2 2E-11 6E- 14 - -
92  Urani um 236 D, see 23°U 1E+1 1E+0 5E- 10 - - -
Bone surf Bone surf
(2E+1) ( 2E+0) - 3E-12 3E-7 3E-6
W see 230U - 8E-1 3E- 10 1E-12 - -
Y, see 230U - 4E- 2 2E-11 6E- 14 - -
92  Uranium 237 D, see 23°U 2E+3 3E+3 1E- 6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W see 230U - 2E+3 TE-7 2E-9 - -
Y, see 230U - 2E+3 6E-7 2E-9 - -
92  Urani um 2383 D, see 23°U 1E+1 1E+0 6E- 10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W see 230U - 8E-1 3E- 10 1E- 12 - -
Y, see 230U - 4E- 2 2E-11 6E- 14 - -
92  Urani um 239? D, see 23°U TE+4 2E+5 8E-5 3E-7 9E- 4 9E-3
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Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At om ¢ Radi onucl i de Cl ass ALl ALI DAC Ar Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
W see 23U - 2E+5 7E-5 2E-7 - -
Y, see 23°U - 2E+5 6E-5 2E-7 - -
92  Urani um 240 D, see 230U 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W see 23U - 3E+3 1E-6 4E-9 - -
Y, see 23°U - 2E+3 1E-6 3E-9 - -
92 Urani umnatural 3 D, see 230U 1E+1 1E+0 5E- 10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W see 23U - 8E-1 3E-10 9E- 13 - -
Y, see 23°U - 5E-2 2E-11 9E- 14 - -
93 Neptunium 2322 W all conpounds 1E+5 2E+3 TE-7 - 2E-3 2E-2
Bone surf
- (5E+2) - 6E-9 - -
93 Neptunium 2332 W all conpounds 8E+5 3E+6 1E-3 4E- 6 1E-2 1E-1
93  Neptunium 234 W all conpounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93  Neptuni um 235 W all conpounds 2E+4 8E+2 3E-7 - - -
LLI wal l Bone surf
(2E+4) (1E+3) - 2E-9 3E-4 3E-3
93  Neptuni um 236 W all compounds 3E+0 2E-2 9E- 12 - - -
(1. 15E+5 vy) Bone surf Bone surf
(6E+0) (5E-2) - 8E- 14 9E- 8 9E-7
93  Neptunium 236 W all compounds 3E+3 3E+1 1E-8 - - -
(22.5 h) Bone surf Bone surf
(4E+3) (7E+1) - 1E- 10 5E-5 5E-4
93  Neptuni um 237 W all compounds 5E-1 4E- 3 2E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 1E- 14 2E-8 2E-7
93  Neptunium 238 W all compounds 1E+3 6E+1 3E-8 - 2E-5 2E-4
Bone surf
- (2E+2) - 2E- 10 - -
93  Neptuni um 239 W all compounds 2E+3 2E+3 9E- 7 3E-9 - -
LLI wal |
(2E+3) - - - 2E-5 2E-4
93 Neptunium 2402 W all conpounds 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
94 Pl ut oni um 234 W all conpounds
except PuO 8E+3 2E+2 9E- 8 3E- 10 1E-4 1E-3
Y, PuO - 2E+2 8E-8 3E-10 - -
94  Plutonium 2352 W see 234Pu 9E+5 3E+6 1E-3 4E- 6 1E-2 1E-1
Y, see 23%Pu - 3E+6 1E-3 3E-6 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
94 Pl ut oni um 236 W see 234puy 2E+0 2E-2 8E- 12 - - -
Bone surf Bone surf
(4E+0) (4E-2) - 5E- 14 6E- 8 6E-7
Y, see 23Pu - 4E- 2 2E-11 6E- 14 - -
94 Pl utonium 237 W see 234Pu 1E+4 3E+3 1E-6 5E-9 2E-4 2E-3
Y, see 2Py - 3E+3 1E-6 4E-9 - -
94 Pl ut oni um 238 W see 234puy 9E-1 7E-3 3E-12 - - -
Bone surf Bone surf
(2E+0) (1E-2) - 2E- 14 2E-8 2E-7
Y, see 23Pu - 2E-2 8E- 12 2E- 14 - -
94 Pl utoni um 239 W see 234Pu 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
Y, see 234pPy - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94 Pl ut oni um 240 W see 234py 8E-1 6E- 3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see 234py - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E- 14 - -
94 Pl ut oni um 241 W see 234puy 4E+1 3E-1 1E-10 - - -
Bone surf Bone surf
(7E+1) (6E-1) - 8E- 13 1E-6 1E-5
Y, see 234Pu - 8E-1 3E- 10 - - -
Bone surf
- (1E+0) - 1E-12 - -
94 Pl ut oni um 242 W see 234pPu 8E-1 7E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
Y, see 234pPuy - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94 Pl utonium 243 W see 234Pu 2E+4 4E+4 2E-5 5E-8 2E-4 2E-3
Y, see 234Pu - AE+4 2E-5 5E-8 - -
94 Pl ut oni um 244 W see 234py 8E-1 7E-3 3E-12 - - -
Bone surf Bone surf
(2E+0) (1E-2) - 2E- 14 2E-8 2E-7
Y, see 234py - 2E-2 7E-12 - - -
Bone surf
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Tabl e | Table 11 Table 111
Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
- (2E-2) - 2E- 14 - -
94 Pl utoni um 245 W see 234Pu 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
Y, see 23Pu - 4E+3 2E-6 6E-9 - -
94 Pl utonium 246 W see 234Pu 4E+2 3E+2 1E-7 4E- 10 - -
LLI wall
(4E+2) - - - 6E- 6 6E-5
Y, see 23Pu - 3E+2 1E-7 4E- 10 - -
95 Anericium 2372 W all conpounds 8E+4 3E+5 1E-4 4E-7 1E-3 1E-2
95 Anericium 2382 W all conpounds AE+4 3E+3 1E-6 - 5E-4 5E-3
Bone surf
- (6E+3) - 9E- 9 - -
95  Anericium 239 W all conpounds 5E+3 1E+4 5E- 6 2E-8 7E-5 7E-4
95  Anericium 240 W all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95  Anericium 241 W all conpounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
95 Anericium242m W all conpounds 8E-1 6E- 3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
95 Anericium 242 W all conpounds 4E+3 8E+1 4E- 8 - 5E-5 5E-4
Bone surf
- (9E+1) - 1E- 10 - -
95  Anericium 243 W all comnpounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
95 Anericium244nt W all conpounds 6E+4 4E+3 2E-6 - - -
St wal | Bone surf
(8E+4) (7E+3) - 1E-8 1E-3 1E-2
95 Anericium 244 W all compounds 3E+3 2E+2 8E- 8 - 4E-5 4E- 4
Bone surf
- (3E+2) - 4E- 10 - -
95  Anericium 245 W all comnpounds 3E+4 8E+4 3E-5 1E-7 4E- 4 4E- 3
95 Anericium246nt W all conpounds S5E+4 2E+5 8E-5 3E-7 - -
St wal |
(6E+4) - - - 8E-4 8E-3
95 Anericium 2462 W all conpounds 3E+4 1E+5 4E-5 1E-7 4E- 4 4E-3
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col .
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
96 Curium 238 W all compounds 2E+4 1E+3 5E-7 2E-9 2E- 4 2E-3
96  Curium 240 W all conpounds 6E+1 6E-1 2E- 10 - - -
Bone surf Bone surf
(8E+1) (6E-1) - 9E- 13 1E-6 1E-5
96 Curium 241 al | conpounds 1E+3 3E+1 1E-8 - 2E-5 2E-4
Bone surf
- (4E+1) - 5E-11 - -
96  Curium 242 al | conpounds 3E+1 3E-1 1E- 10 - - -
Bone surf Bone surf
(5E+1) (3E-1) - 4E-13 7E-7 7E-6
96  Curium 243 al | conpounds 1E+0 9E- 3 4E- 12 - - -
Bone surf Bone surf
( 2E+0) (2E-2) - 2E- 14 3E-8 3E-7
96 Curium 244 al | conpounds 1E+0 1E-2 5E-12 - - -
Bone surf Bone surf
(3E+0) (2E-2) - 3E- 14 3E-8 3E-7
96  Curium 245 al | conpounds 7E-1 6E- 3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
96  Curium 246 al | conpounds 7E-1 6E- 3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
96  Curium 247 al | conpounds 8E-1 6E- 3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E- 14 2E-8 2E-7
96  Curium 248 al | conpounds 2E-1 2E-3 7E-13 - - -
Bone surf Bone surf
(4E-1) (3E-3) - 4E- 15 5E-9 5E-8
96  Curium 2492 al | conpounds 5E+4 2E+4 7E-6 - 7E-4 7E-3
Bone surf
- (3E+4) - 4E- 8 - -
96  Curium 250 al | conpounds 4E-2 3E-4 1E-13 - - -
Bone surf Bone surf
(6E-2) (5E-4) - 8E- 16 9E- 10 9E-9
97  Berkel i um 245 al | conpounds 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
97 Berkelium 246 al | conpounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E- 4
97  Berkelium 247 al | conpounds 5E-1 4E- 3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E- 14 2E-8 2E-7
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
97 Ber kel i um 249 W all compounds 2E+2 2E+0 7E- 10 - - -
Bone surf Bone surf
(5E+2) (4E+0) - 5E- 12 6E- 6 6E-5
97 Ber kel i um 250 W all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3
Bone surf
- (7E+2) - 1E-9 - -
98 Californium2442 W all conpounds except
those given for Y 3E+4 6E+2 2E-7 8E- 10 - -
St wal |
(3E+4) - - - 4E-4 4E-3
Y, oxides and hydroxi des - 6E+2 2E-7 8E- 10 - -
98 Californium246 W see 244Cf 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5
Y, see 2%4Cf - 9E+0 4E-9 1E-11 - -
98 Californium 248 W see 244Cf 8E+0 6E- 2 3E-11 - - -
Bone surf Bone surf
(2E+1) (1E-1) - 2E-13 2E-7 2E-6
Y, see 2%4Cf - 1E-1 4E- 11 1E-13 - -
98 Californium249 W see 244Cf 5E-1 4E- 3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E- 14 2E-8 2E-7
Y, see 2%Cf - 1E-2 4E- 12 - - -
Bone surf
- (1E-2) - 2E-14 - -
98 Californium250 W see 2%Cf 1E+0 9E- 3 4E-12 - - -
Bone surf Bone surf
(2E+0) (2E-2) - 3E- 14 3E-8 3E-7
Y, see 2%4Cf - 3E-2 1E-11 4E- 14 - -
98 Californium251 W see 244Cf 5E-1 4E- 3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E- 14 2E-8 2E-7
Y, see 2%4Cf - 1E-2 4E- 12 - - -
Bone surf
- (1E-2) - 2E-14 - -
98 Californium252 W see 244(Cf 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf
(5E+0) (4E-2) - 5E- 14 7E-8 7E-7
Y, see 244Cf - 3E-2 1E-11 5E-14 - -
98 Californium 253 W see 244Cf 2E+2 2E+0 8E- 10 3E- 12 - -
Bone surf
(4E+2) - - - 5E- 6 5E-5
Y, see 2%4Cf - 2E+0 7E- 10 2E-12 - -
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col . Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
98 Californium254 W see 244Cf 2E+0 2E-2 9E- 12 3E- 14 3E-8 3E-7
Y, see 2%Cf - 2E-2 7E-12 2E- 14 - -
99 Ei nstei nium 250 W all conpounds AE+4 5E+2 2E-7 - 6E- 4 6E- 3
Bone surf
- (1E+3) - 2E-9 - -
99 Ei nstei nium 251 W all conpounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
Bone surf
- (1E+3) - 2E-9 - -
99 Ei nstei nium 253 W all conpounds 2E+2 1E+0 6E- 10 2E-12 2E-6 2E-5
99 Einsteinium254m W all conpounds 3E+2 1E+1 4E-9 1E-11 - -
LLI wall
(3E+2) - - - 4E-6 4E-5
99 Ei nst ei ni um 254W al | conpounds 8E+0 7E-2 3E-11 - - -
Bone surf Bone surf
(2E+1) (1E-1) - 2E- 13 2E-7 2E-6
100 Ferm um 252 W all conpounds 5E+2 1E+1 5E-9 2E-11 6E- 6 6E-5
100 Ferm um 253 W all conpounds 1E+3 1E+1 4E-9 1E-11 1E-5 1E-4
100 Ferm um 254 W all compounds 3E+3 9E+1 4E- 8 1E- 10 4E-5 4E- 4
100 Ferm um 255 W all conpounds 5E+2 2E+1 9E-9 3E-11 7E-6 7E-5
100 Ferm um 257 W all compounds 2E+1 2E-1 7E-11 - - -
Bone surf Bone surf
(4E+1) (2E-1) - 3E- 13 5E-7 5E-6
101 Mendel evi um 257 W al |l conpounds 7E+3 8E+1 4E- 8 - 1E-4 1E-3
Bone surf
- (9E+1) - 1E- 10 - -
101 Mendel evi um 258 W all conpounds 3E+1 2E-1 1E-10 - - -
Bone surf Bone surf
(5E+1) (3E-1) - 5E-13 6E-7 6E-6
- Any single radionuclide not |isted
above with decay node other than
al pha em ssion or spontaneous fis
sion and with radioactive half-
life less than 2 hours Subner si ont N 2E+2 1E-7 1E-9 - -
- Any single radionuclide not |listed
above with decay node other than
al pha em ssion or spontaneous fis
sion and with radioactive hal f-
life greater than 2 hours - 2E-1 1E-10 1E-12 1E-8 1E-7
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Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At om ¢ Radi onucl i de Cl ass ALl ALI DAC Ar Wat er Concentration
No. (ud) (uG) (uG/nl) (uGi/m) (uG/m) (uG/m)
- Any single radionuclide not listed
above that decays by al pha em ssion
or spontaneous fission, or any m x-
ture for which either the identity
or the concentration of any radio-
nuclide in the nmixture is not
known e - 4E- 4 2E- 13 1E- 15 2E-9 2E-8

FOOTNOTES:
1" Subnersion" nmeans that values given are for submersion in a hem spherical sem-infinite cloud of airborne naterial.

2These radi onuclides have radiol ogical half-lives of less than 2 hours. The total effective dose equival ent received during
these radi onuclides mght include a significant contribution fromexternal exposure. The DAC values for all radionuclides,
designated C ass "Subnersion," are based upon the commtted effective dose equivalent due to the intake of the radionuclide
do NOT include potentially significant contributions to dose equival ent fromexternal exposures. The |licensee nmay substitut
the listed DAC to account for the subnersion dose prospectively, but should use individual nonitoring devices or other radia
instrunents that measure external exposure to denpbnstrate conpliance with the limts. (See 801.D.203.)

3For soluble m xtures of U238, U234, and U-235 in air, chemcal toxicity may be the limting factor (see 801.D.201(e)). If
wei ght (enrichnent) of U-235 is not greater than 5, the concentration value for a 40-hour workweek is 0.2 mlligranms uraniunm
of air average. For any enrichnent, the product of the average concentration and tinme of exposure during a 40-hour workweek
8E-3 (SA) uC -hr/m, where SAis the specific activity of the uraniuminhaled. The specific activity for natural uraniumis
per gramU. The specific activity for other m xtures of U238, U235, and U234, if not known, shall be:

SA = 3.6E-7 curies/gram U U- depl et ed

SA =[0.4 + 0.38 (enrichnment) + 0.0034 (enrichnment)?] E-6 , enrichnent >= 0.72

where enrichnent is the percentage by wei ght of U 235, expressed as percent.

NOTE:

1. If the identity of each radionuclide in a mixture is known but the concentration of one or nore of the radionuclides i
is not known, the DAC for the mixture shall be the nost restrictive DAC of any radionuclide in the m xture.

2. If the identity of each radionuclide in the mxture is not known, but it is known that certain radi onuclides specifiec

appendi x are not present in the mixture, the inhalation ALI, DAC, and effluent and sewage concentrations for the m xtit
| owest val ues specified in this appendi x for any radi onuclide that is not known to be absent fromthe m xture; or
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Cccupat i onal Val ues

Col. 1
O al
I ngestion
At onmi ¢ Radi onucl i de Cl ass ALl
No. (ud)

Col. 2 Col. 3

I nhal ati on

Table 11 Table 111
Ef f 1 uent Rel eases to
Concentrations Sewer s

ALI DAC
(ud) (uGi/ni)

Mont hly

Aver age
Air Wat er Concentration
(uG/m) (uG/m) (uG/m)

If it is known that Ac-227-D and Cm 250-Ware
not present -

If, in addition, it is known that Ac-227-WY,
Th-229-WY, Th-230-W Th-232-WY, Pa-231-WY,
Np-237-W Pu-239-W Pu-240-W Pu-242-W Am 241-W
Am 242m'W Am 243-W Cm 245-W Cm 246-W Cm 247-W
Cm 248-W Bk-247-W Cf-249-W and Cf-251-W

are not present -

If, in addition, it is known that Sm 146-W

Sm 147-W Gd-148-D, W Gd-152-D,W Th-228-WY,
Th-230-Y, U-232-Y, U-233-Y, U 234-Y, U 235-Y,
U-236-Y, U 238-Y, Np-236-W Pu-236-WY,

Pu-238-W'Y, Pu-239-Y, Pu-240-Y, Pu-242-Y,
Pu-244-WY, Om243-W Cm244-W Cf-248-W

Cf - 249-Y, Cf-250-WY, Cf-251-Y, Cf-252-WY,

and Cf-254-WY are not present -

If, in addition, it is known that Pb-210-D,

Bi -210mW Po-210-D,W Ra-223-W Ra-225-W
Ra-226-W Ac-225-D, WY, Th-227-WY, U 230-D, WY,
U-232-D,W Pu-241-W Cm 240-W Cm 242-W

Cf-248-Y, Es-254-W Fm 257-W and M- 258-W

are not present -

If, in addition, it is known that Si-32-Y,
Ti-44-Y, Fe-60-D, Sr-90-Y, Zr-93-D,

Cd-113m D, Cd-113-D, In-115-D,W La-138-D,
Lu-176-W Hf-178m D, W Hf-182-D,W Bi-210m D,
Ra-224-W Ra-228-W Ac-226-D, WY, Pa-230-WY,
U-233-D,W U 234-D,W U 235-D,W U 236-D, W

U 238-D, W Pu-241-Y, Bk-249-W Cf-253-WY,

and Es-253-Ware not present -

If it is known that Ac-227-D, WY, Th-229-WY,
Th-232-WY, Pa-231-WY, Cm248-W and
Cm 250-W are not present -

If, in addition, it is known that Sm 146-W

Gd- 148-D, W Gd-152-D, Th-228-WY, Th-230-WY,

U 232-Y, U 233-Y, U234-Y, U 235-Y, U 236-Y,
U-238-Y, U-Nat-Y, Np-236-W Np-237-W Pu-236-WY,
Pu-238-WY, Pu-239-WY, Pu-240-WY, Pu-242-WY,
Pu-244-WY, Am241-W Am242mW Am 243-W

Cm 243-W Cm 244-W Cm 245-W Cm 246-W

Cm 247-W Bk-247-W Cf-249-WY, Cf-250-WY,
Cf-251-WY, Cf-252-WY, and Cf-254-WY

are not present -

7E-4 3E-13

7E-3 3E-12

TE-2 3E-11

7E-1 3E-10

7E+0 3E-9
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Tabl e | Table 11 Table 111

Cccupat i onal Val ues Ef f 1 uent Rel eases to
Concentrations Sewer s
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
O al Mont hly
I ngestion I nhal ation Aver age
At onmi ¢ Radi onucl i de Cl ass ALl ALI DAC Air Wat er Concentration
No. (ud) (ud) (uG/n) (uG/m) (uG/m) (uG/m)
If, in addition, it is known that Sm 147-W
Gd- 152-W Pb-210-D, Bi-210mW Po-210-D, W
Ra-223-W Ra-225-W Ra-226-W Ac-225-D, WY,
Th-227-WY, U-230-D,WY, U 232-D,W U Nat-W
Pu-241-W Cm 240-W Cm 242-W Cf-248-WY,
Es-254-W Fm 257-W and Ml-258-Ware not
present - - - - 1E-12 -
If, in addition it is known that Fe-60,
Sr-90, Cd-113m Cd-113, In-115, 1-129,
Cs-134, Sm 145, Sm 147, Gd-148, Gd-152,
Hg- 194 (organic), Bi-210m Ra-223, Ra-224,
Ra- 225, Ac-225, Th-228, Th-230, U 233, U 234,
U235, U236, U238, U Nat, Cm 242, Cf-248,
Es- 254, Fm 257, and MJ-258 are not present - - - - 1E-6 1E-5

If a mxture of radionuclides consists of uraniumand its daughters in ore dust (10 um AMAD particle distribution assum
chem cal separation of the uraniumfromthe ore, the follow ng values nay be used for the DAC of the mixture: 6E-11 uG
activity from uranium 238, uranium 234, thorium 230, and radium 226 per mlliliter of air; 3E-11 uC of natural uranium
air; or 45 mcrograns of natural uranium per cubic nmeter of air.

If the identity and concentrati on of each radionuclide in a m xture are known, the linmting values should be derived as
deternmine, for each radionuclide in the mxture, the ratio between the concentration present in the mxture and the conc
ot herwi se established in Appendix B for the specific radionuclide when not in a mixture. The sumof such ratios for all
radi onuclides in the mixture may not exceed "1" (i.e., "unity").

Exanple: If radionuclides "A/" "B," and "C' are present in concentrations CA, CB, and CC, and if the applicable DACs ai
DAC;, respectively, then the concentrations shall be limted so that the follow ng relationship exists:

Ca Ce C
+ + <=1

DACa DAGs DAC:
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PART 801
SECTION D
APPENDIX C

QUANTITIES' OF LICENSED MATERIAL REQUIRING LABELING

Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*

Hydrogen-3 1,000 Chromium-48 1,000
Beryllium-7 1,000 Chromium-49 1,000
Beryllium-10 1 Chromium-51 1,000
Carbon-11 1,000 Manganese-51 1,000
Carbon-14 1,000 Manganese-52m 1,000
Fluorine-18 1,000 Manganese-52 100
Sodium-22 10 Manganese-53 1,000
Sodium-24 100 Manganese-54 100
Magnesium-28 100 Manganese-56 1,000
Aluminum-26 10 Iron-52 100
Silicon-31 1,000 Iron-55 100
Silicon-32 1 Iron-59 10
Phosphorus-32 10 Iron-60 1
Phosphorus-33 100 Cobalt-55 100
Sulfur-35 100 Cobalt-56 10
Chlorine-36 10 Cobalt-57 100
Chlorine-38 1,000 Cobalt-58m 1,000
Chlorine-39 1,000 Cobalt-58 100
Argon-39 1,000 Cobalt-60m 1,000
Argon-41 1,000 Cobalt-60 1
Potassium-40 100 Cobalt-61 1,000
Potassium-42 1,000 Cobalt-62m 1,000
Potassium-43 1,000 Nickel-56 100
Potassium-44 1,000 Nickel-57 100
Potassium-45 1,000 Nickel-59 100
Calcium-41 100 Nickel-63 100
Calcium-45 100 Nickel-65 1,000
Calcium-47 100 Nickel-66 10
Scandium-43 1,000 Copper-60 1,000
Scandium-44m 100 Copper-61 1,000
Scandium-44 100 Copper-64 1,000
Scandium-46 10 Copper-67 1,000
Scandium-47 100 Zinc-62 100
Scandium-48 100 Zinc-63 1,000
Scandium-49 1,000 Zinc-65 10
Titanium-44 1 Zinc-69m 100
Titanium-45 1,000 Zinc-69 1,000
Vanadium-47 1,000 Zinc-71m 1,000
Vanadium-48 100 Zinc-72 100
Vanadium-49 1,000 Gadlium-65 1,000

* To convert microcurie (uCi) to kilobecquerel (kBg), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity

(uCi)* (uCi)*
Gadlium-66 100 Krypton-81 1,000
Galium-67 1,000 Krypton-83m 1,000
Gadlium-68 1,000 Krypton-85m 1,000
Gdlium-70 1,000 Krypton-85 1,000
Galium-72 100 Krypton-87 1,000
Gdlium-73 1,000 Krypton-88 1,000
Germanium-66 1,000 Rubidium-79 1,000
Germanium-67 1,000 Rubidium-81m 1,000
Germanium-68 10 Rubidium-81 1,000
Germanium-69 1,000 Rubidium-82m 1,000
Germanium-71 1,000 Rubidium-83 100
Germanium-75 1,000 Rubidium-84 100
Germanium-77 1,000 Rubidium-86 100
Germanium-78 1,000 Rubidium-87 100
Arsenic-69 1,000 Rubidium-88 1,000
Arsenic-70 1,000 Rubidium-89 1,000
Arsenic-71 100 Strontium-80 100
Arsenic-72 100 Strontium-81 1,000
Arsenic-73 100 Strontium-83 100
Arsenic-74 100 Strontium-85m 1,000
Arsenic-76 100 Strontium-85 100
Arsenic-77 100 Strontium-87m 1,000
Arsenic-78 1,000 Strontium-89 10
Selenium-70 1,000 Strontium-90 0.1
Sdenium-73m 1,000 Strontium-91 100
Selenium-73 100 Strontium-92 100
Sdlenium-75 100 Y ttrium-86m 1,000
Selenium-79 100 Y ttrium-86 100
Sdlenium-81m 1,000 Y ttrium-87 100
Selenium-81 1,000 Y ttrium-88 10
Selenium-83 1,000 Y ttrium-90m 1,000
Bromine-74m 1,000 Y ttrium-90 10
Bromine-74 1,000 Yttrium-91m 1,000
Bromine-75 1,000 Yttrium-91 10
Bromine-76 100 Y ttrium-92 100
Bromine-77 1,000 Y ttrium-93 100
Bromine-80m 1,000 Y ttrium-94 1,000
Bromine-80 1,000 Y ttrium-95 1,000
Bromine-82 100 Zirconium-86 100
Bromine-83 1,000 Zirconium-88 10
Bromine-84 1,000 Zirconium-89 100
Krypton-74 1,000 Zirconium-93 1
Krypton-76 1,000 Zirconium-95 10
Krypton-77 1,000 Zirconium-97 100
Krypton-79 1,000

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.

D-113



Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Niobium-88 1,000 Palladium-101 1,000
Niobium-89m Palladium-103 100
(66 min) 1,000 Palladium-107 10
Niobium-89 Palladium-109 100
(122 min) 1,000 Silver-102 1,000
Niobium-90 100 Silver-103 1,000
Niobium-93m 10 Silver-104m 1,000
Niobium-94 1 Silver-104 1,000
Niobium-95m 100 Silver-105 100
Niobium-95 100 Silver-106m 100
Niobium-96 100 Silver-106 1,000
Niobium-97 1,000 Silver-108m 1
Niobium-98 1,000 Silver-110m 10
Molybdenum-90 100 Silver-111 100
Molybdenum-93m 100 Silver-112 100
Molybdenum-93 10 Silver-115 1,000
Molybdenum-99 100 Cadmium-104 1,000
Molybdenum-101 1,000 Cadmium-107 1,000
Technetium-93m 1,000 Cadmium-109 1
Technetium-93 1,000 Cadmium-113m 0.1
Technetium-94m 1,000 Cadmium-113 100
Technetium-94 1,000 Cadmium-115m 10
Technetium-96m 1,000 Cadmium-115 100
Technetium-96 100 Cadmium-117m 1,000
Technetium-97m 100 Cadmium-117 1,000
Technetium-97 1,000 Indium-109 1,000
Technetium-98 10 Indium-110m
Technetium-99m 1,000 (69.1m) 1,000
Technetium-99 100 Indium-110
Technetium-101 1,000 (4.9h) 1,000
Technetium-104 1,000 Indium-111 100
Ruthenium-94 1,000 Indium-112 1,000
Ruthenium-97 1,000 Indium-113m 1,000
Ruthenium-103 100 Indium-114m 10
Ruthenium-105 1,000 Indium-115m 1,000
Ruthenium-106 1 Indium-115 100
Rhodium-99m 1,000 Indium-116m 1,000
Rhodium-99 100 Indium-117m 1,000
Rhodium-100 100 Indium-117 1,000
Rhodium-101m 1,000 Indium-119m 1,000
Rhodium-101 10 Tin-110 100
Rhodium-102m 10 Tin-111 1,000
Rhodium-102 10 Tin-113 100
Rhodium-103m 1,000 Tin-117m 100
Rhodium-105 100 Tin-119m 100
Rhodium-106m 1,000 Tin-121m 100
Rhodium-107 1,000 Tin-121 1,000
Palladium-100 100

* To convert microcurie (UCi) to kilobecquerel (kBg), multiply the uCi value by 37.



Radionuclide Quantity Radionuclide Quantity

(uCi)* (uCi)*
Tin-123m 1,000 Telurium-133 1,000
Tin-123 10 Telurium-134 1,000
Tin-125 10 lodine-120m 1,000
Tin-126 10 lodine-120 100
Tin-127 1,000 lodine-121 1,000
Tin-128 1,000 lodine-123 100
Antimony-115 1,000 lodine-124 10
Antimony-116m 1,000 lodine-125 1
Antimony-116 1,000 lodine-126 1
Antimony-117 1,000 lodine-128 1,000
Antimony-118m 1,000 lodine-129 1
Antimony-119 1,000 lodine-130 10
Antimony-120 lodine-131 1
(16m) 1,000 lodine-132m 100
Antimony-120 lodine-132 100
(5.76d) 100 lodine-133 10
Antimony-122 100 lodine-134 1,000
Antimony-124m 1,000 lodine-135 100
Antimony-124 10 Xenon-120 1,000
Antimony-125 100 Xenon-121 1,000
Antimony-126m 1,000 Xenon-122 1,000
Antimony-126 100 Xenon-123 1,000
Antimony-127 100 Xenon-125 1,000
Antimony-128 Xenon-127 1,000
(20.4m) 1,000 Xenon-129m 1,000
Antimony-128 Xenon-131m 1,000
(9.01h) 100 Xenon-133m 1,000
Antimony-129 100 Xenon-133 1,000
Antimony-130 1,000 Xenon-135m 1,000
Antimony-131 1,000 Xenon-135 1,000
Tellurium-116 1,000 Xenon-138 1,000
Tellurium-121m 10 Cesium-125 1,000
Tellurium-121 100 Cesium-127 1,000
Tellurium-123m 10 Cesium-129 1,000
Tellurium-123 100 Cesium-130 1,000
Tellurium-125m 10 Cesium-131 1,000
Tellurium-127m 10 Cesium-132 100
Tdlurium-127 1,000 Cesium-134m 1,000
Tellurium-129m 10 Cesium-134 10
Tellurium-129 1,000 Cesium-135m 1,000
Tellurium-131m 10 Cesium-135 100
Tellurium-131 100 Cesium-136 10
Tellurium-132 10 Cesium-137 10
Tellurium-133m 100 Cesium-138 1,000

* To convert microcurie (UCi) to kilobecquerel (kBg), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Barium-126 1,000 Promethium-141 1,000
Barium-128 100 Promethium-143 100
Barium-131m 1,000 Promethium-144 10
Barium-131 100 Promethium-145 10
Barium-133m 100 Promethium-146 1
Barium-133 100 Promethium-147 10
Barium-135m 100 Promethium-148m 10
Barium-139 1,000 Promethium-148 10
Barium-140 100 Promethium-149 100
Barium-141 1,000 Promethium-150 1,000
Barium-142 1,000 Promethium-151 100
Lanthanum-131 1,000 Samarium-141m 1,000
Lanthanum-132 100 Samarium-141 1,000
Lanthanum-135 1,000 Samarium-142 1,000
Lanthanum-137 10 Samarium-145 100
Lanthanum-138 100 Samarium-146 1
Lanthanum-140 100 Samarium-147 100
Lanthanum-141 100 Samarium-151 10
Lanthanum-142 1,000 Samarium-153 100
Lanthanum-143 1,000 Samarium-155 1,000
Cerium-134 100 Samarium-156 1,000
Cerium-135 100 Europium-145 100
Cerium-137m 100 Europium-146 100
Cerium-137 1,000 Europium-147 100
Cerium-139 100 Europium-148 10
Cerium-141 100 Europium-149 100
Cerium-143 100 Europium-150
Cerium-144 1 (12.62h) 100
Praseodymium-136 1,000 Europium-150
Praseodymium-137 1,000 (34.2y) 1
Praseodymium-138m 1,000 Europium-152m 100
Praseodymium-139 1,000 Europium-152 1
Praseodymium-142m 1,000 Europium-154 1
Praseodymium-142 100 Europium-155 10
Praseodymium-143 100 Europium-156 100
Praseodymium-144 1,000 Europium-157 100
Praseodymium-145 100 Europium-158 1,000
Praseodymium-147 1,000 Gadolinium-145 1,000
Neodymium-136 1,000 Gadolinium-146 10
Neodymium-138 100 Geadolinium-147 100
Neodymium-139m 1,000 Gadolinium-148 0.001
Neodymium-139 1,000 Gadolinium-149 100
Neodymium-141 1,000 Gadolinium-151 10
Neodymium-147 100 Gadolinium-152 100
Neodymium-149 1,000 Gadolinium-153 10
Neodymium-151 1,000 Gadolinium-159 100

* To convert microcurie (UCi) to kilobecquerel (kBg), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Terbium-147 1,000 Y tterbium-162 1,000
Terbium-149 100 Y tterbium-166 100
Terbium-150 1,000 Y tterbium-167 1,000
Terbium-151 100 Y tterbium-169 100
Terbium-153 1,000 Y tterbium-175 100
Terbium-154 100 Y tterbium-177 1,000
Terbium-155 1,000 Y tterbium-178 1,000
Terbium-156m L utetium-169 100
(5.0h) 1,000 Lutetium-170 100
Terbium-156m Lutetium-171 100
(24.4h) 1,000 Lutetium-172 100
Terbium-156 100 Lutetium-173 10
Terbium-157 10 Lutetium-174m 10
Terbium-158 1 Lutetium-174 10
Terbium-160 10 Lutetium-176m 1,000
Terbium-161 100 Lutetium-176 100
Dysprosium-155 1,000 Lutetium-177m 10
Dysprosium-157 1,000 Lutetium-177 100
Dysprosium-159 100 Lutetium-178m 1,000
Dysprosium-165 1,000 Lutetium-178 1,000
Dysprosium-166 100 Lutetium-179 1,000
Holmium-155 1,000 Hafnium-170 100
Holmium-157 1,000 Hafnium-172 1
Holmium-159 1,000 Hafnium-173 1,000
Holmium-161 1,000 Hafnium-175 100
Holmium-162m 1,000 Hafnium-177m 1,000
Holmium-162 1,000 Hafnium-178m 0.1
Holmium-164m 1,000 Hafnium-179m 10
Holmium-164 1,000 Hafnium-180m 1,000
Holmium-166m 1 Hafnium-181 10
Holmium-166 100 Hafnium-182m 1,000
Holmium-167 1,000 Hafnium-182 0.1
Erbium-161 1,000 Hafnium-183 1,000
Erbium-165 1,000 Hafnium-184 100
Erbium-169 100 Tantalum-172 1,000
Erbium-171 100 Tantalum-173 1,000
Erbium-172 100 Tantalum-174 1,000
Thulium-162 1,000 Tantalum-175 1,000
Thulium-166 100 Tantalum-176 100
Thulium-167 100 Tantalum-177 1,000
Thulium-170 10 Tantalum-178 1,000
Thulium-171 10 Tantalum-179 100
Thulium-172 100 Tantalum-180m 1,000
Thulium-173 100 Tantalum-180 100
Thulium-175 1,000 Tantalum-182m 1,000

* To convert microcurie (UCi) to kilobecquerel (kBg), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Tantalum-182 10 Iridium-188 100
Tantalum-183 100 Iridium-189 100
Tantalum-184 100 Iridium-190m 1,000
Tantalum-185 1,000 Iridium-190 100
Tantalum-186 1,000 Iridium-192m
Tungsten-176 1,000 (2.4m) 10
Tungsten-177 1,000 Iridium-192
Tungsten-178 1,000 (73.8d) 1
Tungsten-179 1,000 Iridium-194m 10
Tungsten-181 1,000 Iridium-194 100
Tungsten-185 100 Iridium-195m 1,000
Tungsten-187 100 Iridium-195 1,000
Tungsten-188 10 Platinum-186 1,000
Rhenium-177 1,000 Platinum-188 100
Rhenium-178 1,000 Platinum-189 1,000
Rhenium-181 1,000 Platinum-191 100
Rhenium-182 Platinum-193m 100
(12.7h) 1,000 Platinum-193 1,000
Rhenium-182 Platinum-195m 100
(64.0h) 100 Platinum-197m 1,000
Rhenium-184m 10 Platinum-197 100
Rhenium-184 100 Platinum-199 1,000
Rhenium-186m 10 Platinum-200 100
Rhenium-186 100 Gold-193 1,000
Rhenium-187 1,000 Gold-194 100
Rhenium-188m 1,000 Gold-195 10
Rhenium-188 100 Gold-198m 100
Rhenium-189 100 Gold-198 100
Osmium-180 1,000 Gold-199 100
Osmium-181 1,000 Gold-200m 100
Osmium-182 100 Gold-200 1,000
Osmium-185 100 Gold-201 1,000
Osmium-189m 1,000 Mercury-193m 100
Osmium-191m 1,000 Mercury-193 1,000
Osmium-191 100 Mercury-194 1
Osmium-193 100 Mercury-195m 100
Osmium-194 1 Mercury-195 1,000
Iridium-182 1,000 Mercury-197m 100
Iridium-184 1,000 Mercury-197 1,000
Iridium-185 1,000 Mercury-199m 1,000
Iridium-186 100 Mercury-203 100
Iridium-187 1,000

* To convert microcurie (uCi) to kilobecquerel (kBq), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Thallium-194m 1,000 Francium-223 100
Thallium-194 1,000 Radium-223 0.1
Thallium-195 1,000 Radium-224 0.1
Thallium-197 1,000 Radium-225 0.1
Thallium-198m 1,000 Radium-226 0.1
Thallium-198 1,000 Radium-227 1,000
Thallium-199 1,000 Radium-228 0.1
Thallium-201 1,000 Actinium-224 1
Thallium-200 1,000 Actinium-225 0.01
Thallium-202 100 Actinium-226 0.1
Thallium-204 100 Actinium-227 0.001
Lead-195m 1,000 Actinium-228 1
Lead-198 1,000 Thorium-226 10
Lead-199 1,000 Thorium-227 0.01
Lead-200 100 Thorium-228 0.001
Lead-201 1,000 Thorium-229 0.001
Lead-202m 1,000 Thorium-230 0.001
Lead-202 10 Thorium-231 100
Lead-203 1,000 Thorium-232 100
Lead-205 100 Thorium-234 10
Lead-209 1,000 Thorium-natural 100
Lead-210 0.01 Protactinium-227 10
Lead-211 100 Protactinium-228 1
Lead-212 1 Protactinium-230 0.1
Lead-214 100 Protactinium-231 0.001
Bismuth-200 1,000 Protactinium-232 1
Bismuth-201 1,000 Protactinium-233 100
Bismuth-202 1,000 Protactinium-234 100
Bismuth-203 100 Uranium-230 0.01
Bismuth-205 100 Uranium-231 100
Bismuth-206 100 Uranium-232 0.001
Bismuth-207 10 Uranium-233 0.001
Bismuth-210m 0.1 Uranium-234 0.001
Bismuth-210 1 Uranium-235 0.001
Bismuth-212 10 Uranium-236 0.001
Bismuth-213 10 Uranium-237 100
Bismuth-214 100 Uranium-238 100
Polonium-203 1,000 Uranium-239 1,000
Polonium-205 1,000 Uranium-240 100
Polonium-207 1,000 Uranium-natural 100
Polonium-210 0.1 Neptunium-232 100
Astatine-207 100 Neptunium-233 1,000
Astatine-211 10 Neptunium-234 100
Radon-220 1 Neptunium-235 100
Radon-222 1 Neptunium-236
Francium-222 100 (1.15E+5) 0.001

* To convert microcurie (uCi) to kilobecquerel (kBq), multiply the uCi value by 37.
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Radionuclide Quantity Radionuclide Quantity

(uCi)* (uCi)*
Neptunium-236 Curium-242 0.01
(22.5h) 1 Curium-243 0.001
Neptunium-237 0.001 Curium-244 0.001
Neptunium-238 10 Curium-245 0.001
Neptunium-239 100 Curium-246 .001
Neptunium-240 1,000 Curium-247 0.001
Plutonium-234 10 Curium-248 0.001
Plutonium-235 1,000 Curium-249 1,000
Plutonium-236 0.001 Berkdlium-245 100
Plutonium-237 100 Berkelium-246 100
Plutonium-238 0.001 Berkdlium-247 0.001
Plutonium-239 0.001 Berkelium-249 0.1
Plutonium-240 0.001 Berkelium-250 10
Plutonium-241 0.01 Cdifornium-244 100
Plutonium-242 0.001 Cdifornium-246 1
Plutonium-243 1,000 Cadlifornium-248 0.01
Plutonium-244 0.001 Cdifornium-249 0.001
Plutonium-245 100 Cdifornium-250 0.001
Americium-237 1,000 Cdlifornium-251 0.001
Americium-238 100 Cdifornium-252 0.001
Americium-239 1,000 Cdifornium-253 0.1
Americium-240 100 Californium-254 0.001
Americium-241 0.001 Einsteinium-250 100
Americium-242m 0.001 Einsteinium-251 100
Americium-242 10 Einsteinium-253 0.1
Americium-243 0.001 Einsteinium-254m 1
Americium-244m 100 Einsteinium-254 0.01
Americium-244 10 Fermium-252 1
Americium-245 1,000 Fermium-253 1
Americium-246m 1,000 Fermium-254 10
Americium-246 1,000 Fermium-255 1
Curium-238 100 Fermium-257 0.01
Curium-240 0.1 Mendelevium-257 10
Curium-241 1 Mendel evium-258 0.01
Any alpha-emitting Any radionuclide
radionuclide not other than alpha-
listed above or emitting radionuclides
mixtures of alpha not listed above, or
emitters of unknown mixtures of beta
composition 0.001 emitters of unknown
composition 0.01

* To convert microcurie (UCi) to kilobecquerel (kBg), multiply the uCi value by 37.
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NOTE: For purposes of 801.D.902(e), 801.D.905(a), and 801.D.1201(a). where there is involved a combination of
radionuclides in known amounts, the limit for the combination shal be derived asfollows. determine, for each radionuclide
in the combination, the ratio between the quantity present in the combination and the limit otherwise established for the

gpecific radionuclide whennotincombination. Thesum of suchratiosfor al radionuclidesin the combination may not exceed
"1" -- that is, unity.

The quantities listed above were derived by taking 1/10th of the most restrictive ALI listed in Table I, Columns 1 and 2,
of Appendix B of this section, rounding to the nearest factor of 10, and congtraining the values listed between 0.001 and
1,000 microcuries (37 becquerels and 37 megabecquerels). Vaues of 100 microcuries (3.7 megabecquerds) have been
assigned for radionuclides having a radioactive hdf-life in excess of E+9 years, except rhenium, 1000 microcuries (37
megabecquerels), to take into account their low specific activity.

D-121



PART 801

SECTION D

APPENDIX D

REQUIREMENTSFOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE
INTENDED FOR DISPOSAL AT LICENSED LAND DISPOSAL FACILITIESAND
MANIFESTS

. Manifest

A waste generator, collector, or processor who transports, or offers for transportation, low-level
radioactive waste intended for ultimate disposal at alicensed low-level radioactive waste land disposal
facility must preparea Manifest reflecting informationrequested on gpplicable NRC Forms 540 (Uniform
Low-Level Radioactive Waste Manifest (Shipping Paper)) and 541 (Uniform Low-Level Radioactive
Waste Manifest (Container and Waste Description)) and, if necessary, on an gpplicable NRC Form 542
(Uniform Low-Level Radioactive Waste Manifest (Manifest Index and Regiona Compact Tabulation)).
NRC Forms 540 and 540A mugt be completed and must physicaly accompany the pertinent low-level
waste shipment. Upon agreement between shipper and consignee, NRC Forms 541 and 541A and 542
and 542A may be completed, transmitted, and stored indectronic mediawiththe capability for producing
legible, accurate, and complete records onthe respective forms. Licenseesarenot required by the Agency
to comply with the manifesting requirements of this section when they ship:

(8 LLW for processing and expect its return (i.e., for storage under their license) prior to disposal at
alicensed land digposdl facility:

(b) LLW isbeing returned to the licensee who is the “waste generator” or “generator,” as defined in
this section, or

(c) Radioactively contaminated materia toa“ wasteprocessor” that becomesthe processor’ s“residud
waste.”

For guidance in completing these forms, refer to the indructions that accompany the forms. Copies
of manifestsrequired by this appendix may be legible carbon copies, photocopies, or computer printouts
that reproduce the datain the format of the uniform manifed.

NRC Forms 540, 540A, 541, 541A, 542 and 542A, and the accompanyingingructions,inhard copy,
may beobtained fromthe Informationand Records Management Branch, Office of Information Resources
Management, U.S. Nuclear Regulatory Commission, Washington, DC 20555, telephone (301) 415-7232.

This gppendix includes information requirements of the Department of Transportation, as codified in
49 CFR part 172. Information on hazardous, medical, or other waste, required to meet Environmentd
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Protection Agency regulations, as codified in 40 CFR parts 259, 261 or e sawhere, isnot addressed inthis
section, and must be provided on the required EPA forms. However, the required EPA forms must
accompany the Uniform Low-Level Radioactive Waste Manifest required by this chapter.

Asusad in this gppendix, the following definitions apply:
“Chelaing agent” has the same meaning as that given in 801.A.2 of these regulations.

“Chemicd description” means a description of the principad chemica characterigtics of a low-leve
radioactive wagte.

“Computer-readable medium” means that the regulatory agency’s computer can transfer the information
from the medium into its memory.

“Conggnee’ means the designated receiver of the shipment of low-leve radioactive waste.

“Decontamination fadlity” means a facility operating under an Agency, U.S. Nuclear Regulatory
Commission, Agreement Stateor Licenang Statewhoseprincipa purpose is decontamination of equipment
or materids to accomplishrecycle, reuse, or other waste management objectives, and, for purposes of this
section, is not considered to be a consignee for LLW shipments.

“Disposa container” means a container principaly used to confine low-leve radioactive waste during
disposa operations at a land disposd fadility (dso see “high integrity container™). Note that for some
shipments, the disposal container may be the transport package.

“EPA identification number” means the number received by a transporter following application to the
Administrator of EPA as required by 40 CFR part 263.

“Generator” means a licensee operating under an Agency, U.S. Nuclear Regulatory Commission,
Agreement State or Licensing State license who (1) is awaste generator as defined in this section, or (2)
is the licensee to whom waste can be attributed within the context of the Low-Level Radioactive Waste
Policy AmendmentsAct of 1985 (e.g., wastegenerated as aresult of decontaminationor recycle activities).

“High integrity container (HIC)” means a container commonly designed to meet the structura stability
requirements of Appendix E, Section Il, of Section D, and to meet Depatment of Transportation
requirements for a Type A package.

“Land disposal fadlity” meansthe land, buildings and structures, and equipment which are intended to be
used for the disposdl of radioactive wastes.

“NRC Forms 540, 540A, 541, 541A, 542, and 542A” are officid U.S. Nuclear Regulatory Commisson
Forms referenced in this appendix. Licenseesneed not use originals of these NRC Forms aslong as any
subdtitute forms are equivaent to the original documentationinrespect to content, darity, Sze, and location
of information.
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“Package’ means the assembly of components necessary to ensure compliance with the packaging
requirements of DOT regulations, together with its radioactive contents, as presented for transport.

“Physica description” meansthe items caled for on NRC Form 541 to describe alow-leve radioactive
waste.

“Resdua waste” means|ow-leve radioactive waste resulting from processing or decontaminationactivities
that cannot be easily separated into distinct batches attributable to specific waste generators. This waste
is attributable to the processor or decontamination facility, as gpplicable.

“Shipper” means the licensed entity (i.e., the waste generator, waste collector, or waste processor) who
offerslow-leve radioactive waste for transportation, typicaly consgning thistype of waste to alicensed
waste collector, waste processor, or land disposa facility operator.

“Shipping paper” means NRC Form 540 and if required, NRC Form 540A whichindudesthe information
required by DOT in 49 CFR part 172.

“Source materia” has the same meaning as defined in 801.A.2 of these regulations.
“Specid nuclear materid” has the same meaning as defined in 801.A.2 of these regulations.

“Uniform Low-Levd Radioactive Waste Manifest or uniform manifest” means the combination of NRC
Forms 540, 541, and, if necessary, 542, and their respective continuationsheets as needed, or equivalent.

“Waste collector” means an entity, operating under an Agency, U.S. Nuclear Regulatory Commission,
Agreement State, or Licensing State license whose principa purposeisto collect and consolidate waste
generated by others, and to transfer this waste, without processing or repackaging the collected waste, to
another licensed waste collector, licensed waste processor, or licensed land disposal facility.

“Waste description” means the physicd, chemica and radiologica description of alow-level radioactive
waste as called for on NRC Form 541.

“Wadte generator’” means an entity, operating under an Agency, U.S. Nuclear Regulatory Commission,
Agreement State, or Licensang State license, who (1) possesses any materia or component that contains
radioactivity or is radioactively contaminated for which the licensee foresees no further use, and (2)
transfers this materid or component to alicensed land disposa facility or to alicensed waste collector or
processor for handlingor trestment prior to disposal. A licensee performing processing or decontamination
servicesmay be a“waste generator” if the transfer of low-level radioactive waste from its facility is defined
as “residua waste”

“Wadte processor” means an entity, operating under an Agency, U.S. Nuclear Regulatory Commission,
Agreement State, or Licensing State license, whose principal purpose is to process, repackage, or
otherwise treat low-leve radioactive materid or waste generated by others prior to eventud transfer of
wadte to alicensed low-leve radioactive waste land digposal facility.
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“Wastetype” meansawaste within a disposal container having a unique physica description(i.e., apedific
waste descriptor code or description; or awaste sorbed on or solidified in a specificaly defined media).

Information Requirements

A. Gened Information
The shipper of the radioactive waste, shal provide the following information on the uniform manifest:
1.  Thename, facility address, and telephone number of the licensee shipping the waste;

2. Anexplicit declaration indicating whether the shipper is acting as awaste generator, collector,
processor, or acombination of these identifiers for purposes of the manifested shipment; and

3. Thename, address, and telephone number, or the name and EPA identificationnumber for the
carrier trangporting the waste.

B. Shipment Information

The shipper of the radioactive waste shdl provide the falowing information regarding the waste
shipment on the uniform manifest:

1.  Thedate of the waste shipment;

2. Thetotd number of packages/disposa containers,

3. Thetotd disposd volume and disposa weight in the shipment;
4.  Thetotd radionuclide activity in the shipment;

5. The activity of each of the radionuclides H-3, C-14, Tc-99, and 1-129 contained in the
shipment; and

6.  Thetota massesof U-233, U-235, and plutonium inspecia nuclear maerid, and the total mass
of uranium and thorium in source materid.

C. Digposd Container and Waste Information

The shipper of the radioactive waste shdl provide the following information on the uniform manifest
regarding the waste and each disposa container of waste in the shipment:

1.  Andphabetic or numeric identification that uniquely identifies each disposa container in the
shipment;
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10.

11.

12.

A physicd description of the digposa container, including the manufacturer and model of any
high integrity container;

The volume digplaced by the disposa container;
The grossweight of the digposal container, including the waste,

For waste consigned to a disposd fadlity, the maximum radiaion level at the surface of each
disposa container;

A physical and chemica description of the waste;

The total weight percentage of chdating agent for any waste contaning more than 0.1%
chdlaing agent by weight, plus the identity of the principa chelating agent;

The approximate volume of waste within a container;

The sorbing or solidificationmedia, if any, and the identity of the solidificationmedia vendor and
brand name;

The identities and activities of individua radionuclides contained in each container, the masses
of U-233, U-235, and plutonium in specia nuclear materid, and the masses of uranium and
thorium in source materid. For discrete waste types, (i.e., activated materids, contaminated
equipment, mechanical filters, sealed source/devices, and wastes in olidification/stabilization
media), the identities and activities of individua radionuclides associated with or contained on
these waste types within adisposal container shal be reported;

Thetota radioactivity within each container; and
For wastes consigned to a disposal facility, the classfication of the waste pursuant to Section

| of Appendix E. Waste not mesting the structurad stability requirements of Section Il B. of
Appendix E must be identified.

D. Uncontainerized Waste Information

The shipper of the radioactive waste shdl provide the following information on the uniform manifest
regarding a waste shipment delivered without adisposa container;

1.

2.

The approximate volume and weight of the waste;

A physical and chemica description of the waste;

The totd weight percentage of chelaing agent if the chdaing agent exceeds 0.1% by weight,
plus the identity of the principa chelating agent;
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For waste consigned to a disposd facility, the classfication of the waste pursuant to Section |
of Appendix E. Wadgte not mesting the structurd stability requirements of Section Il B. of
Appendix E must be identified;

The identities and activities of individud radionuclides contained inthe waste, the masses of U-
233, U-235, and plutonium in specid nuclear materid, and the masses of uranium and thorium
in source materid; and

For wastes consigned to adisposd facility, the maximum radiation levels at the surface of the
waste.

E. Multi-Generator Disposd Container Information

This section gpplies to disposa containers enclosing mixtures of waste originating from different
generators. (Note: Theorigin of the LLW resulting from aprocessor’ sactivities may be attributableto one
or more“generators’ (including “waste generators’) as defined in this section). 1t aso gppliesto mixtures
of wastes shipped in an Uncontainerized form, for which portions of the mixture within the shipment
originate from different generators.

1.

For homogeneous mixtures of waste, such as incinerator ash, provide the waste description
gpplicable to the mixture and the volume of the waste attributed to each generator.

For heterogeneous mixtures of waste, suchasthe combined productsfrom alarge compactor,
identify each generator contributing waste to the disposa container, and, for discrete waste
types (i.e, activated materids contaminated equipment, mechanicd filters, sedled
source/devices, and wastes in solidification/sabilization media), the identities and activities of
individud radionuclides contained on these waste typeswithin the disposal container. For each
generator, provide the following:

(&  Thevolume of waste within the disposa container;
(b) A physicd and chemica description of the waste, induding the solidificationagent, if any;

(o) Thetotal weght percentage of chelating agentsfor any disposal container containingmore
than 0.1% chelaing agent by weght, plus the identity of the principa cheating agent;

(d) The sorbing or solidification media, if any, and the identity of the solidification media
vendor and brand name if the mediaiis clamed to meet stability requirementsin Section
[1.B of Appendix E; and

(e) Radionuclide identities and activities contained in the waste, the masses of U-233, U-

235, and plutonium in specid nuclear materid, and the masses of uranium and thoriumin
source materid if contained in the waste.
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[l. Certification

An authorized representative of the waste generator, processor, or collector shdl certify by sgningand
dating the shipment manifest that the transported materids are properly cassfied, described, packaged,
marked, and labeled and areinproper conditionfor transportation according to the gpplicable regulaions
of the Department of Trangportation and the Agency. A collector in Signing the certification is certifying
that nothing has been done to the collected waste whichwould invaidatethe wastegenerator’ scertification.
[11. Control and Tracking

A.  Any licensee who transfers radioactive waste to a land disposa facility or a licensed
waste collector shdl comply withthe requirementsin Sectionlll. A.(1) through (9). Any
licensee who transfers waste to a licensed waste processor for waste treatment or
repackaging shall comply with the requirements of Section 111. A.(4) through (9). A
licensee dhdl:

@

@)

3

(4)

Q)

(6)

()

(8)

Prepare dl wastes so that the waste is classfied according to Section | of
Appendix E and meets the waste characteristics requirements in Section 11 of
Appendix E;

L abel each disposal container (or transport package if potentia radiation hazards
preclude labdling of the individud disposd container) of waste to identify whether
it is Class A waste, Class B waste, or Class C waste, or greater than Class C
wagte in accordance with Section | of Appendix E;

Conduct aqudity assurance program to ensure compliance with Sections | and 11
of Appendix E; (the program shdl include management evauation of audits);

Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required
by this gppendix;

Forward a copy or eectronicdly transfer the Uniform Low-Leve Radioactive
Waste Manifest to the intended consignee so thet either (i) receipt of the manifest
precedesthe LLW shipment or (ii) the manifest is ddivered to the consgneewith
the wadte a the time the waste istransferred to the consignee. Using both (i) and

(i) is ds0 acceptable;

Include NRC Form 540 (and NRC Form 540A, if required) with the shipment
regardless of the option in Section 111.A.5 of this section;

Receive acknowledgement of the receipt of the shipment in the form of asigned
copy of NRC Form 540;

Retain a copy or eectronicdly store the Uniform Low-Level Radioactive Waste

Manifest, and documentation of acknowledgement of receipt as the record of
trangfer of licensed materid as required by Section C;
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©)

For any shipments or any part of a shipment for which acknowledgement of
receipt has not been received within the times set forth in this gppendix, conduct
an investigation in accordance with Section 111.E.

B.  Any wadte collector licensee who handles only prepackaged waste shall:

@

@)

3

(4)

Q)

(6)

()

(8)

Acknowledge receipt of the waste fromthe shipper within one week of receipt by
returning asigned copy of NRC Form 540;

Prepare a new manifest to reflect consolidated shipments that meet the
requirements of this gppendix. The waste collector shal ensure that, for each
container of waste in the shipment, the manifest identifies the generator of that
container of waste;

Forward a copy or eectronicaly transfer the Uniform Low-Level Radioactive
Waste Manifest to the intended consignee so that ether: (i) Receipt of the manifest
precedes the LLW shipment or (ii) the manifestis ddlivered to the consgnee with
the wadte a the time the waste istransferred to the consignee. Using both (i) and

(i) is a0 acceptable;

Include NRC Form 540 (and NRC Form 540A, if required) with the shipment
regardless of the option chosen in Section 111.B.(3);

Recalve acknowledgement of the receipt of the shipment in the form of a sgned
copy of NRC Form 540,

Retain a copy or eectronicdly store the Uniform Low-Level Radioactive Waste
Manifest and documentation of acknowledgement of receipt;

For any shipments or any part of a shipment for which acknowledgement of
receipt has not been received within the times set forth in this gppendix, conduct
an investigation in accordance with Section I11.E; and

Notify the shipper and the Agency when any shipment, or part of ashipment, has
not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

C. Any licensed waste processor who tregts or repackages wastes shall:

@

)

Acknowledge receipt of the waste from the shipper within one week of receipt by
returning asigned copy of the NRC Form 540;

Prepare a new manifest that meetsthe requirements of this appendix. Preparation

of the new manifest reflects that the processor is responsible for meeting these
requirements. For each container of waste in the shipment, the manifest shall
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3)

(4)

Q)

(6)

()

(8)

©)

(10)

(11)

identify the waste generators, the preprocessed waste volume, and the other
information as required in Section |.E. of this gppendix;

Prepare al wastes so that the waste is classfied according to Section | of
Appendix E and meets the waste characteristics requirements in Section |1 of
Appendix E;

Label each package of waste to identify whether it is Class A waste, Class B
waste, or Class C waste, in accordance with Sections | and 111 of Appendix E;

Conduct a quality assurance programto ensure compliancewith Sections | and 11
of Appendix E. (The program shdl include management evauation of audits);

Forward a copy or dectronicdly transfer the Uniform Low-Level Radioactive
Waste Manifest tothe intended consignee so that ether; (i) Receipt of the manifest
precedesthe LLW shipment or (ii) the manifest is ddlivered to the consigneewith
the waste at the time the wasteis transferred to the consignee. Using both (i) and

(ii) isaso acceptable;

Include NRC Form 540 (and NRC Form 540A, if required) with the shipment
regardless of the option chosen in Section [11.C.(6) of Appendix D;

Receive acknowledgement of the receipt of the shipment in the form of asigned
copy of NRC Form 540;

Retain a copy or dectronicaly store the Uniform Low-Leve Radioactive Waste
Manifest and documentation of acknowledgement of receipt as the record of
transfer of licensed materia as required by Section C of these regulations;

For any shipment or any part of a shipment for which acknowledgement has not
been recaived within the times st forth in this appendix, conduct an investigation
in accordance with Section 111.E. of Appendix D; and

Notify the shipper and the Agency when any shipment, or part of ashipment, has
not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

The land disposd facility operator shall:

@

Acknowledge receipt of the waste within one week of receipt by returning, asa
minmum, a sgned copy of NRC Form 540 to the shipper. The shipper to be
notified is the licensee who last possessed the waste and transferred the waste to
the operator. If any discrepancy exists between materids listed on the Uniform
Low-Level Radioactive Waste Manifet and materids received, copies or
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@)

3

eectronic trandfer of the affected forms must be returned indicating the
discrepancy;

Maintain copies of dl completed manifests and dectronicaly storethe information
until the Agency terminates the license; and

Notify the shipper and the Agency when any shipment or part of a shipment has
not arrived within 60 days after recel pt of an advance manifest, unless natified by
the shipper that the shipment has been cancelled.

Any shipment or part of a shipment for whichacknowledgement is not received withinthe
times st forth in this section must:

@

)

Be investigated by the shipper if the shipper has not received notificationor receipt
within 20 days after transfer; and

Be traced and reported. The investigation shdl include tracing the shipment and
filing areport with the Agency. Each licensee who conductsatrace investigation
ghdl file a written report with the Agency within 2 weeks of completion of the
invedtigation.
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PART 801

SECTION D

APPENDIX E

CLASSIFICATION AND CHARACTERISTICSOF LOW-LEVEL
RADIOACTIVE WASTE

Classification of Radioactive Waste for Land Disposd

A.

Condderations. Determindtion of the classfication of radioactive waste involves two
condgderations. Fird, condderation must be given to the concentration of long-lived
radionuclides (and their shorter-lived precursors) whose potentia hazard will perdst long after
such precautions as inditutiond controls, improved waste form, and deeper disposa have
ceased to be effective. These precautions delay the time when long-lived radionuclides could
cause exposures. In addition, the magnitude of the potential doseislimited by the concentration
and avallability of the radionuclide at the time of exposure. Second, congderation must be given
to the concentration of shorter-lived radionuclides for which requirements on ingitutiona
controls, waste form, and disposal methods are effective.

Classes of waste.

(1) Class Awasteiswagtethat isusudly segregated fromother waste classes at the disposal
dgte. The physcd form and characteridtics of Class A waste must meet the minimum
requirements set forthinSectionll. A. If Class A waste dso meets the sability require-
ments set forth in Section 11. B., it is not necessary to segregate the waste for disposal.

(2) Class B waste is waste that must meet more rigorous requirements on waste form to
ensure sability after digposad. The physica form and characteristics of Class B waste
must meet both the minimum and stability requirements set forth in Section 1.

(3) Class C waste iswagte that not only must meet more rigorous requirements on waste
form to ensure stability but aso requires additiona measures at the digposal facility to
protect againg inadvertent intrusion. The physica form and characteristics of Class C
waste must meet both the minimum and stability requirements set forth in Section 1.

Classfication determined by long-lived radionuclides. If the radioactive waste contains only
radionuclideslisted in Table |, dassfication shdl be determined as follows:
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@
)

3

(4)

If the concentration does not exceed 0.1 timesthevdueinTable |, thewasteisClass A.

If the concentrationexceeds 0.1 timesthe vduein Table |, but does not exceed the vdue
in Tablel, thewasteis Class C.
If the concentration exceeds the value in Table |, the waste is not generdly acceptable
for land disposdl.
For wastes containing mixtures of radionuclides listed in Table I, the total concentration
shdl be determined by the sum of fractions rule described in Section |.G.
TABLEI
Concentration
Radionuclide curie/cubic meter? nanocurie/grant
C-14 8
C-14 in activated metd 80
Ni-59 in activated metdl 220
Nb-94 in activated meta 0.2
Tc-99 3
[-129 0.08
Alphaemitting transuranic
radionudides with half-
life grester than five
years 100
Pu-241 3,500
Cm-242 20,000
Ra-226 100

aTo convert the Ci/m? vauesto gigabecquerd (GBq) per cubic meter, multiply the Ci/m?® vaue
by 37.

®To convert the nCi/g values to becquerd (Bg) per gram, multiply the nCi/g value by 37.

Classification determined by short-lived radionudlides. 1f the waste does not contain any of the

radionuclides listed in Table |, dassfication shdl be determined based on the concentrations
showninTablell. However, as specified in Section I. F, if radioactive waste does not contain
any nuclidesliged in either Tablel or 11, it isClass A.

@

If the concentration does not exceed the value in Column 1, the wasteis Class A.
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)

3

(4)

Q)

If the concentration exceeds the value in Column 1 but does not exceed the value in
Column 2, the waste is Class B.

If the concentration exceeds the vaue in Column 2 but does not exceed the vdue in
Column 3, thewaste is Class C.

If the concentrationexceedsthe vdue in Column 3, the wasteis not generdly acceptable
for near-surface disposal.

For wastes contaning mixtures of the radionuclides listed in Table Il, the tota
concentration shal be determined by the sum of fractions rule described in Section|.G.
TABLEII
Radionuclide Concentration, curie/cubic meter*
Column 1 Column2 Column3

Totd of dl radio-

nuclides with less

than 5-year hdf-

life 700 * *

H-3 40 * *

Co-60 700 * *

Ni-63 35 70 700

Ni-63 in activated

metal 35 700 7000

Sr-90 0.04 150 7000

Cs-137 1 44 4600

To convertthe Ci/m? vaue to gigabecquerdl (GB) per cubic meter, multiply the Ci/m? vaue
by 37. There are no limits established for these radionuclides in Class B or C wastes.
Practical consderations such as the effects of externd radiationand interna heat generation
ontrangportation, handling, and disposa will limit the concentrationsfor thesewastes. These
wagtes shdl be Class B unless the concentrations of other radionuclides in Table 11
determine the waste to be Class C independent of these radionuclides.

Classfication determined by both long- and short-lived radionudides. If the radioactive
wadste contains a mixture of radionuclides, some of which arelisted in Table | and some of
which areliged in Table Il, dassfication shdl be determined as follows

(1) Ifthe concentration of aradionuclide listed in Table | islessthan 0.1 times the value
liged in Table I, the class sdl be tha determined by the concentration of
radionuclides listed in Tablell.
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(2) If the concentration of a radionuclide listed in Table | exceeds 0.1 times the vaue
ligedinTable |, but doesnot exceed the vduein Table |, the waste shdl beClassC,
provided the concentration of radionuclides listed in Table Il does not exceed the
vaue shown in Column 3 of Tablell.

F. Clasdfication of wastes with radionucdlides other than thoselisted in Tables | and 1l. If the
waste does not contain any radionuclides listed in either Tablel or 1l it isClass A.

G. Thesumof thefractions rule for mixturesof radionuclides. For determining classification for
waste that contains a mixture of radionuclides, it is necessary to determine the sum of
fractions by dividing each radionuclide's concentration by the appropriate limit and adding
the resulting values. The appropriate limits must dl be taken from the same column of the
sametable. The sum of the fractions for the column mugt be lessthan 1.0 if the waste class
isto be determined by that column. Example: A waste contains Sr-90 in a concentration
of 50 Ci/m? (1.85 TBg/m?®) and Cs-137 in a concentration of 22 Ci/m? (814 GBg/n?).
Since the concentrations both exceed the vadues in Column 1, Table I1, they must be
compared to Column 2 vaues. For S-90 fraction, 50/150 = 0.33., for Cs-137 fraction,
22/44 = 0.5; the sum of the fractions = 0.83. Sincethe sumislessthan 1.0, the waeste is
ClassB.

H.  Determination of concentrations in wastes. The concentration of a radionuclide may be
determined by indirect methods such as use of scaing factors which relate the inferred
concentration of one radionuclide to another that is measured, or radionuclide materia
accountability, if there is reasonable assurance that the indirect methods can be correlated
with actud measurements. The concentration of aradionuclide may be averaged over the
volume of the waste, or weight of the waste if the units are expressed as becquerel
(nanocurie) per gram.

Il. Radioactive Waste Characteristics

A.  Thefallowing are minimum requirements for al classes of wasteand areintended to
fadilitate handling and provide protection of heath and safety of personnd at the
disposd ste.

(1) Wastes shdl be packaged in conformance with the conditions of the license
issued to the Site operator to which the waste will be shipped. Where the
conditions of the Stelicense are moreredtrictive thanthe provisons of Section
D, the site license conditions shal govern.

(2) Wastessndl not be packaged for disposal in cardboard or fiberboard boxes.

(3) Liquid waste shdl be packaged in sufficient absorbent materia to absorb twice
the volume of theliquid.
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(4)

Q)

(6)

)

(8)

©)

Solid waste containing liquid shdl contain as little free-standing and non-
corrosive liquid as is reasonably achievable, but in no case shall the liquid
exceed 1% of the volume.

Waste shdl not bereadily capabl e of detonationor of explosve decomposition
or reactionat normal pressuresand temperatures, or of explosive reactionwith
water.

Waste shdl not contain, or be capable of generating, quantities of toxic gases,
vapors, or fumesharmful to persons trangporting, handling, or disposing of the
waste. This does not apply to radioactive gaseous waste packaged in
accordance with Section I1.A.(8).

Waste mugt not be pyrophoric. Pyrophoric materias contained in wastesshal
be treated, prepared, and packaged to be nonflammable.

Wadtes in agaseous formshdl be packaged at anabsolute pressure that does
not exceed 1.5 atmospheres at 20°C. Totd activity shal not exceed 100
curies (3.7 terabecquerels) per container.

Wastes containing hazardous, biologicd, pathogenic, or infectious meaterid
shdl be treated to reduce to the maximum extent practicable the potentia
hazard from the non-radiologicd materids.

The following requirements are intended to provide sability of the waste. Sahility is
intended to ensure that the waste does not degrade and affect overdl stability of the
Ste through dumping, collapse, or other failure of the disposal unit and thereby lead
to water infiltration.  Stability is dso a factor in limiting exposure to an inadvertent
intruder, Snce it provides a recognizable and nondisperable waste.

@)

)

Waste dhdl have sructurd gtability. A dructuraly stable waste form will
generdly maintain its physical dimensons and its form, under the expected
disposa conditions suchasweght of overburdenand compaction equipment,
the presence of moisture, and microbid activity, and interna factors such as
radiationeffectsand chemica changes. Structural stability can be provided by
the waste form itsdf, processing the waste to a stable form, or placing the
wastein adigposal container or structurethat provides sability after disposa.

Notwithstanding the provisionsin Section [1.A.(3) and (4), ligud wastes, or
wastes containing liquid, shal be converted into a form that contains as little
free-standing and non-corrosive liquid as is reasonably achievable, but in no
case shdl the liquid exceed 1% of the volume of the waste when the waste is
in adisposal container designed to ensure stability, or 0.5% of the volume of
the waste for waste processed to a stable form.
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(3) Void spaces within the waste and between the waste and its package shdl be
reduced to the extent practicable.

Labdling

Each package of waste shdl be clearly |abeled to identify whether itis Class A, Class B, or
Class C waste, in accordance with Section 1.
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PART 801
SECTION D
APPENDIX F

QUANTITIES FOR USE WITH DECOMMISSIONING

Materia Microcurie*
Americium-241 0.01
Antimony-122 100
Antimony-124 10
Antimony-125 10
Arsenic-73 100
Arsenic-74 10
Arsenic-76 10
Arsenic-77 100
Barium-131 10
Barium-133 10
Barium-140 10
Bismuth-210 1
Bromine-82 10
Cadmium-109 10
Cadmium-115m 10
Cadmium-115 100
Calcium-45 10
Calcium-47 10
Carbon-14 100
Cerium-141 100
Cerium-143 100
Cerium-144 1
Cesium-131 1,000
Cesium-134m 100
Cesium-134 1
Cesium-135 10
Cesium-136 10
Cesium-137 10
Chlorine-36 10
Chlorine-38 10
Chromium-51 1,000
Cobalt-58m 10
Cobalt-58 10
Cobalt-60 1
Copper-64 100
Dysprosium-165 10
Dysprosium-166 100

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.
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Materia

Erbium-169
Erbium-171

Europium-152 (9.2 h)
Europium-152 (13 yr)

Europium-154
Europium-155
Fluorine-18
Gadolinium-153
Gadolinium-159
Galium-72
Germanium-71
Gold-198
Gold-199
Hafnium-181
Holmium-166
Hydrogen-3
Indium-113m
Indium-114m
Indium-115m
Indium-115
lodine-125
lodine-126
lodine-129
lodine-131
lodine-132
lodine-133
lodine-134
lodine-135
Iridium-192
Iridium-194
Iron-55
Iron-59
Krypton-85
Krypton-87
Lanthanum-140
Lutetium-177
Manganese-52
Manganese-54
Manganese-56
Mercury-197m
Mercury-197
Mercury-203

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.

Microcurie*

100
100
100
1
1
10
1,000
10
100
10
100
100
100
10
100
1,000
100
10
100

100
100
10
100
10
10
100
10
10
10
100
100
10



Materia

Molybdenum-99
Neodymium-147
Neodymium-149
Nickel-59
Nickel-63
Nickel-65
Niobium-93m
Niobium-95
Niobium-97
Osmium-185
Osmium-191m
Osmium-191
Osmium-193
Palladium-103
Palladium-109
Phosphorus-32
Platinum-191
Platinum-193m
Platinum-193
Platinum-197m
Platinum-197
Plutonium-239
Polonium-210
Potassium-42
Praseodymium-142
Praseodymium-143
Promethium-147
Promethium-149
Radium-226
Rhenium-186
Rhenium-188
Rhodium-103m
Rhodium-105
Rubidium-86
Rubidium-87
Ruthenium-97
Ruthenium-103
Ruthenium-105
Ruthenium-106
Samarium-151
Samarium-153

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.
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Microcurie*

100
100
100
100
10
100
10
10
10
10
100
100
100
100
100
10
100
100
100
100
100
0.01
0.1
10
100
100
10
10
0.01
100
100
100
100
10
10
100
10
10

10
100



Materia

Scandium-46
Scandium-47
Scandium-48
Sdenium-75
Silicon-31
Silver-105
Silver-l10m
Silver-111
Sodium-22
Sodium-24
Strontium-85
Strontium-89
Strontium-90
Strontium-91
Strontium-92
Sulfur -35
Tantalum-182
Technetium-96
Technetium-97m
Technetium-97
Technetium-99m
Technetium-99
Tellurium-125m
Tellurium-127m
Telurium-127
Tellurium-129m
Tellurium-129
Tellurium-131m
Telurium-132
Terbium-160
Thallium-200
Thalium-201
Thallium-202
Thallium-204

Thorium (natural)**

Thulium-170
Thulium-171
Tin-113
Tin-125

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.

** Based on alpha disintegration rate of Th-232, Th-230 and their daughter products.

Microcurie*

10
100
10
10
100
10
1
100

10
10

0.1
10
10

100
10
10

100

100

100
10
10
10

100
10

100
10
10
10

100

100

100
10

100
10
10
10
10



Material Microcurie*

Tungsten-181 10
Tungsten-185 10
Tungsten-187 100
Uranium (natural)** 100
Uranium-233 0.01
Uranium-234 0.01
Uranium-235 0.01
Vanadium-48 10
Xenon-131m 1,000
Xenon-133 100
Xenon-135 100
Ytterbium-175 100

Y ttrium-90 10
Yttrium-91 10
Yttrium-92 100

Y ttrium-93 100
Zinc-65 10
Zinc-69m 100
Zinc-69 1,000
Zirconium-93 10
Zirconium-95 10
Zirconium-97 10
Any alpha emitting

radionuclide not listed

above or mixtures of

alpha emitters of

unknown composition 0.01

Any radionuclide other

than a pha emitting

radionuclides, not

listed above or

mixtures of beta

emitters of unknown

composition 0.1

* To convert microcurie (UCi) to kilobecquerel (kBq), multiply the uCi value by 37.
** Based on apha disintegration rate of U-238, U-234, and U-235.

NOTE: Where there is involved a combination of isotopes in known amounts, the limit for the combination
should be derived as follows: Determine, for each isotope in the combination, the ratio between the
quantity present in the combination and the limit otherwise established for the specific isotope when
not in combination. The sum of such ratios for all the isotopes in the combination may not exceed "1" --
that is, unity

D-142



D-143



